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GENERAL INTRODUCTION 
The practice of starting trees and shrubs in containers has several 
advantages over other nursery production methods. It allows for a longer 
selling season, a smaller growing and holding area, and the possibility 
of carrying unsold plants over for another growing and sales season. Less 
transplanting shock is also reported for container-grown plants (Pirone, 
1972). Disadvantages are: (1) size of plants is limited; (2) plants may 
become potbound; and (3) inability of some plants to successfully over­
winter in northern climes. 
My research was initiated in 1977 at Iowa State University to in­
vestigate the overwintering problem which Mehlquist (1969) considered one 
of the most difficult phases of nursery production. This study, using 
evergreen plants, was designed to investigate two questions: 
(1) Is it possible to successfully overwinter container-grown plants 
in a field environment by the application of selected mulches? 
(2) Are antitranspirants effective in reducing winter burn? 
It was the objective of this investigation to identify mulching 
techniques and antitranspirants which could be used alone or in combina­
tion to reduce the winter injury of container-grown evergreens in Iowa. 
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GENERAL LITERATURE REVIEW 
Plant Hardiness 
A comprehensive review of the plant hardiness literature will not be 
undertaken since several excellent reviews have already been published on 
the subject (Levitt, 1941; Scarth, 1944; Chandler, 1954, Mazur, 1969; 
Weiser, 1970; Li, 1978). This review includes the most recent work, in 
addition to investigations pertaining to evergreens and container-grown 
stock. 
Cold resistance 
Cold hardiness, cold acclimation, frost resistance, and cold resis­
tance are terms referring to the degree of resistance to winter damage 
that plants can develop. Flower bud injury, bark splitting, root injury, 
desiccation, and foliage injury were types of winter damage noted by Davis 
(Seidel, 1976) In relation to overwintering container-grown nursery stock. 
The degree of cold resistance depends on several factors although 
heradity is one of the most Important. Many plants simply lack the in­
herent capability to acclimate to temperate environments. Environmental 
stresses, particularly drought and low temperatures, control the distri­
bution and productivity of plants on earth (Weiser, 1978). Some plants 
sustain what Lyons (1973) refers to as "chilling injury" when exposed to 
temperatures below 10°C. Many woody plants are able to withstand tem­
peratures to at least -40°C (Rajashekar and Burke, 1978). Hardened woody 
plant twigs have survived immersion in liquid helium, -269°C (Sakai , 
1962). 
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The acclimation process 
Hardiness Is also influenced by the amount of cold acclimation that 
has occurred. Li (1978) defines cold hardiness as "the seasonal transi­
tion from a tender to a hardy condition," Since hardiness is a seasonal 
phenomenon, It probably occurs in response to certain environmental cues. 
In alfalfa, Tysdal (1933) found a correlation between the natural condi­
tion occurring in the fall, i.e., decreasing day length and alternating 
temperatures, and the effects of similar factors on the hardening process 
under controlled laboratory conditions, McCreary et al. (1978) found 
that artificially shortening the daylight periods substantially increased 
the level of hardiness, but relatively low levels of light leakage greatly 
reduced this hardiness. These results Indicate that a controlled photo-
period can be an effective tool for raising Douglas-fir seedlings in green­
houses In the Pacific Northwest when off-season planting or multiple crop­
ping is desired. Irving and Lanphear (1967) concluded that acclimation 
was photoperiodically controlled in Acer and Viburnum. They found that 
plants exposed to low temperatures during the dark period with long days 
would reach a degree of hardiness not significantly different from those 
exposed to short days. 
Tumanov et al, (1964) found that cold resistance in birch and acacia 
was enhanced by subjecting the plants successively to; (1) short days; 
(2) low but above freezing temperatures; and (3) sub-freezing tempera­
tures. Timmins (Tanaka, 1974) reported similar results with Douglas-fir 
seedlings. He concluded that treatments under a particular photoperiodic 
regime did not effect the hardiness attained during the second low-
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temperature phase, but was necessary as a prerequisite for further harden­
ing with sub-zero temperatures. 
It is relevant to this review to differentiate between the terms dor­
mancy and rest. Childers (1973) defined dormancy as the period of time 
when deciduous trees are without leaves and exhibit no visible signs of 
metabolic activity, Rest was described as beginning prior to the dormant 
period, gradually deepening to a point where the plant would not grow 
(break bud) even under favorable conditions of temperature, moisture, and 
light. The rest period is Important because plants are prevented from be­
ing forced into growth by warm spells early in the winter, later to be 
killed by the resumption of cold temperatures. While the rest period may 
be broken prematurely by drought or the application of certain chemicals, 
exposure to low temperatures is thought to be the most important factor in 
overcoming it (Childers, 1973). Although the chilling requirement to 
break rest for various plant species varies, several months at tempera­
tures below 7°C 1s usually required, There Is no reported rest period In 
evergreens. 
Chandler (1954) postulated that the hardiness of an apple variety is 
determined by its ability to develop maximum cold resistance In the early 
part of the winter rather than its ability to withstand sub-zero tempera­
tures. He also thought that early development of resistance may be partly 
due to the rapid onset of the rest period beginning in late summer or 
early autumn, Proebsting (1970) concluded that the period of deepest dor­
mancy and greatest hardiness depended on the rest period. He reasoned 
that as long as the plant could not resume growth it would not lose 
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hardiness. He concluded that the minimum temperature was relatively unim­
portant during rest and the same cultural practices that delay hardening 
also prolonged rest. Irving and Lanphear (1967), however, presented evi­
dence that indicated hardiness was independent of bud dormancy (rest) in 
Acer and Viburnum, even though they both were induced by short days. 
Evergreens appear to respond to the same environmental cues as de­
ciduous trees, whether or not they enter a rest period. Tanaka (1974) in­
vestigated methods of increasing the cold hardiness of container-grown 
Douglas-fir seedlings. He found that seedlings hardened under an 8-hour 
day or those in a lath house (half sunlight) suffered less frost damage 
than plants acclimated under other conditions. Zehnder and Lanphear 
(1966) reported on the effect of temperature and light on the cold hardi­
ness of Taxus needles. Needles subjected to continuous temperatures of 
-38°C hardened as well as those receiving low temperatures only during the 
dark period. When the warm period (10°C) occurred during the dark period, 
however, the needles did not harden. It was also noted that short photo-
periods (8 hours) prior to low temperature exposure increased needle 
hardiness approximately 12°C. This effect persisted during a subsequent 
period of 8 weeks of low temperature. Short days given during the low 
temperature phase of acclimation did not alter hardiness. Needles lost 
11°C of cold hardiness in one week when subjected to constant temperatures 
of 240C. 
McGuire and Flint (1962) studied the influence of temperature and 
light on the frost hardiness of conifers. They concluded that hardening 
increases quantitatively with increasing amounts of light at 0°C, while 
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no hardening occurs in the absence of light, or with light at 22°C, These 
observations support the hypothesis that light may function in the accli­
mation process by allowing for the accumulation of the products of photo­
synthesis. 
In summary, most investigators agree that cold acclimation is 
initiated, and hardiness developed, by factors that reduce plant growth 
such as shortening days, alternating temperatures, and decreasing temper­
atures (Mazur, 1969; Howell and Weiser, 1969; Chen et al,, 1975). 
Morphological and physiological changes during acclimation 
Chandler (1954) defines cold resistance as "the ability of plant 
cells to survive ice formation in the tissues of which they are parts," 
Chambers and Hale (1932) reported that ice readily formed between the cell 
wall and protoplast during freezing and sometimes broke the "outer" mem­
brane of the protoplast. Protoplasm was thought to resist the penetration 
of ice through the tonoplast. The possibility exists that ice crystals 
form within the vacuole but this condition was not observed by Chambers 
and Hale. When the rate of temperature depression is slow, ice tends to 
form in the extra-cellular spaces in hardy plants as the cellular water 
moves out of the cells. This concentrates the cell sap, which further in­
creases resistance to ice formation.. According to Chandler (1954) when a 
hardened plant is at its killing temperature, it will have a larger per­
centage of its water frozen than an unhardened plant at its killing tem­
perature. This is presumably the water frozen extracellularly. Steponkus 
et al. (1976) found that intracellular freezing occurred in woody plants 
when the temperature rate of fall exceeded 20°C per minute in the 
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laboratory. Moderate rates of decreasing temperatures resulting in extra­
cellular freezing may or may not be detrimental depending on the state of 
acclimation. The authors concluded that several effects associated with 
dehydration ultimately lead to damage of cellular membranes. In order to 
resist these deleterious effects, the plant must acclimate to protect the 
membranes from dehydration. The permeability of the cell to water move­
ment and its rate of flux are the primary factors determining if, and to 
what extent, Intracellular ice will form (Mazur, 1969). The required cool­
ing velocity for Intracellular ice formation varies from 1°C to more than 
3000°C per minute. 
Mazur (1969) reviewed the subject of freezing injury in plants and 
concluded that cells approach a water equilibrium during freezing, except 
when cooled at very rapid rates. If equilibrium is reached by intracellu­
lar freezing, the cell is almost always damaged by the disruption of mem­
branes, especially if warming is slow. Equilibrium may also be arrived at 
by extracellular freezing and the resulting dehydration may produce any of 
six types of physical alterations which could be harmful to the cell. 
These alterations include: (1) concentration of solutes; (2) precipitation 
of solutes; (3) reduction in cell water content; (4) cell shrinkage (plas-
molysls); (5) changes in pH; and (6) reduction in the spacial separation 
of macromolecules. One possible consequence of these physical changes is 
the irreversible denaturation of proteins (Mazur, 1969). 
Injury from cellular dehydration Is only one of several hypotheses 
concerning low temperature Injury. Brandts (1967) hypothesized that low 
temperatures as well as high temperatures can denature some proteins. He 
found that protein denaturation proceeded according to a two-step 
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reaction. The first step was considered to be a reversible unfolding of 
the protein and the second step an irreversible aggregation of the pro­
tein molecule. 
Injury from concentrated electrolytes (Lovelock, 1953), injury from 
thawing and rehydration, and the disulfide hypothesis (Levitt, 1962) may 
also be involved as a result of extracellular freezing. 
In a recent seminar on plant cold hardiness research, Levitt (1978) 
reviewed the most important kinds of freezing resistance. These include; 
(1) supercooling; (2) avoidance of freeze dehydration; (3) tolerance to 
freeze dehydration; and (4) avoidance of intracellular freezing. He 
reported that even though intracellular and extracellular freezing has 
been demonstrated in the laboratory, it still is not certain if intra­
cellular freezing occurs in nature. 
Li (1978) discussed the role of supercooling in plant hardiness. 
He observed that when plants are fully acclimated in mid-winter, the 
xylem of evergreens and less hardy deciduous trees exhibit low tempera­
ture exotherms at -16* to -20°C, hardy ones at -23° to -25°, and very 
hardy trees at -25° to -34°. Stushnoff and Junttila (1978) concluded 
that deep supercooling occurs not only in the xylem of trees and floral 
tissues but also in seeds. Chandler (1954) reported that the needles of 
some conifer and winter twigs may remain supercooled through very cold 
nights. This may explain how evergreen needles can survive the extremely 
cold nights of winter and then withstand relatively warm days during the 
daylight hours and carry on photosynthesis. Lindow et al. (1978) 
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reported that in tender plants supercooling may afford some protection by 
freeze avoidance. 
Electron microscopic studies of phloem parenchyma cells in black 
locust by Pomeroy and Siminovitch (1971) are relevant to this review. 
Seasonal augmentation of total protoplasm, including mitochondria, lipid 
bodies and, particularly, membrane-bound vesicles derived from invagina­
tion and folding of the plasmalemma, were closely related to the seasonal 
cycle of cold hardiness. The structural organization of the endoplasmic 
reticulum also appeared to vary seasonally. 
Ultrastructural changes have also been observed in some non-woody 
plants as a result of cold acclimation. Wagenaar et al. (1970) observed 
that stem and leaf cells from cold treated winter wheat and rye had sig­
nificantly smaller vacuoles and more dense cytoplasm. The number of 
dictyosomes, lipid bodies and chloroplasts were usually greater in cells 
of cold acclimated plants. Chloroplasts appeared to be better developed 
and contained more starch granules. No sharp distinction was found be­
tween the number of mitochondria in cells from cold and non-cold treated 
plants. When the ultrastructure of hardy varieties was compared with 
non-hardy varieties, no significant differences were observed, suggest­
ing that "cold hardiness may be a purely biochemical adaptation." 
An ultrastructure study by Kimball and Salisbury (1973) on temperate 
and sub-tropical grasses exposed to low temperatures revealed that chloro­
plasts were the most sensitive organelles to cold. Chloroplasts re­
sponded to reduced temperatures by grouping together, changing shape, and 
reacting differently to staining procedures. They observed an increase 
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in rough endoplasmic reticulum and a decrease in dictyosome number. 
Mitochondria were reported to have expanded slightly at reduced temper­
atures. 
Pomeroy (1977) observed by transmission electron microscopy swollen 
and contracted isolated mitochondria in both hardened and non-hardened 
winter wheat. Even though the mitochondria from samples that were ex­
posed to 0° and 24°C temperatures had undergone simultaneous swelling in 
isomolar KCI solutions, only those subjected to the higher temperatures 
exhibited a "substrate Induced contraction response." 
A recent electron microscopic study (Li, 1978) indicates that the 
sequence of events leading to death in freeze-injured potato cells fol­
lowing a freeze-thaw cycle is; (1) the mitochondria and chloroplasts 
swell; (2) the tonoplast is disrupted; and (3) the plasma membrane and 
cell components become disorganized. 
Metabolic Changes occurring during acclimation 
Brown (1978) reviewed the literature concerning biochemical changes 
during cold acclimation. He reported that even though protein continues 
to be one of the major subjects of investigation in higher plants, little 
is known about its actual role in plant hardening, although the synthesis 
of RNA and protein has been observed during the acclimation process. The 
hardening process in Chlorella, described as being similar to that in 
higher plants, Involves lipid changes and the synthesis of RNA and pro­
tein (Hatano, 1978). 
Parker (1959) analyzed conifer bark and needles for sugars at dif­
ferent times of the year. Sucrose, glucose, and fructose were present in 
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the warmer months and usually increased during the colder months. Two 
sugars in particular, thought to be raffinose and stachyose, increased 
in autumn and early winter in the bark of all conifer species studied and 
in the leaves of some species, Raese et al, (1978) found that storage 
temperature and season markedly affected cold acclimation and levels of 
sorbitol in 1 and 2-year-old apple shoots. They concluded that cold 
hardiness was related to high levels of sorbitol in the sap and to high 
levels of sucrose and total sugars in the combined bark and wood samples. 
Sieckmann and Boe (1978) found similar changes in sugars in boxwood and 
cranberry leaves. 
Li et al. (1965) observed a decrease in starch and an increase in 
simple carbohydrates during the cold acclimation of excised dogwood 
twigs. The authors concluded however, that the small increase in total 
sugars observed (approximately 3.5%) was not sufficient to account for 
the large increase in cold resistance (-18° to -47°C) during the same 
period. Protein nitrogen was reported to increase in early fall, de­
crease briefly during the period of rapid cold acclimation, and then in­
crease gradually during late fall. This could be a consequence of the 
buildup of proteins during the acclimation process noted earlier. 
Steponkus (1971) reported that the light-enhanced production and 
accumulation of sugars was only part of the metabolic changes occurring 
with hardening. Experimentation with Hedera helix showed that Incubation 
of tissue on a 50 uM solution of sucrose could replace the light require­
ment. A second metabolic change, proceeding In the dark as well as the 
light, was thought to result in the production of proteins that had a 
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greater capacity to bind sugars due to an altered composition or con­
figuration. Steponkus offered as evidence his observation that protein 
from cold-acclimated tissue exhibits a higher sugar binding capacity than 
protein from non-acclimated tissue. He postulated that the two metabolic 
changes could proceed independently of one another, but cold hardiness 
increased only after accumulation of the products resulting from both. 
Not all investigators have found an increase in sugars during harden­
ing. Pellett and White (1969c) reported that changes in the hardiness 
levels of container-grown juniper bore little relationship to cellular 
changes in total sugars, reducing sugars, total nitrogen or protein 
nitrogen. They found that moisture percentages decreased in both roots 
and stems during the fall and closely paralleled the increase in cold 
acclimation. They postulated that a decrease in cellular moisture result­
ed in an increased concentration of cellular solutes and a closer spatial 
arrangement of water binding substances. The authors concluded that 
cold acclimation may have been a consequence of the higher bound water 
to free water ratio. 
Effect of water stress on cold acclimation 
Pellett and White (1969b) investigated the effects of soil moisture 
levels on cold acclimation of container grown junipers; They observed 
no significant differences in tissue moisture percentages or cold acclima­
tion due to soil moisture levels. 
Chen et al. (1977) noted a decrease in protein, RNA, and starch; and 
an increase in sugar in stem cortical tissues of 3-day water stressed 
dogwood. Cold hardiness increased from -3° to -6°C, After 7 days of 
water stressed conditions, the starch continued to decrease while pro­
tein, RNA and sugars steadily Increased. Hardiness increased to -11°C 
during the same time period. Withholding water for periods longer than 7 
days had no significant effect. Control plants maintained under short 
days (10 hours of light) exhibited similar metabolic changes. The inves­
tigators concluded that water stress and short days produce the same 
physiological consequences thereby increasing frost hardiness in dogwood 
plants. 
Hormonal changes incident to cold acclimation and the effect of growth 
regulators on hardening 
Irving and Lanphear (1967) concluded that hardiness could be in­
duced in Acer, Viburnum, and Wei gel a without the development of rest which 
is initiated by short photoperiods. It was determined that low tempera­
tures alone increased resistance to cold Injury, even in plants grown 
under long day conditions. The authors reported, however, that removal 
of the leaves accelerated the development of hardiness in plants exposed 
to long days; this suggests a hardiness inhibitor in the leaves. They 
concluded that the inhibitor was counteracted by short days and was 
eliminated by leaf removal. In a later study, gibberellic acid was 
applied to Acer negundo simultaneously with short day treatment, result­
ing in a significant decrease in hardiness (Irving and Lanphear, 1968), 
Two growth retardants, B-9 (N-dimethylaminosuccinamic acid) and AMO 7618 
(4-hydroxy-5-1sopropyl-2-methylphenyl trimethyl-ammonium chloride, 
l-p1per1d1ne carboxylate), the latter known to Interfere with GA synthe­
sis, brought about an Increase in hardiness in plants given long day 
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treatments. Dormln (abscisic acid) was also observed to increase hardi­
ness under long days. Extracts from plants given long or short days had 
gibberellin like compounds in largest quantities during long days and 
lowest quantities from short day treated plants. The reverse was true 
for the levels of the inhibitors in the experiment. These results are 
consistent with the idea that long days inhibit hardiness as a result of 
high gibberellin activity and short days promote hardiness by the buildup 
of an inhibitor able to counteract gibberellin (Irving and Lanphear, 
1968). 
In 1969, Irving reported that the cold hardiness of Acer negundo 
was not increased by applying the growth retardants B-9, AI-IO 7618, or 
Cycocel ((2-chloroethyl) tri-methylammonium chloride) if the plants were 
exposed to long days without a subsequent hardening period. The hardiness 
of control plants given short days during the same period did show an 
increase in hardiness. Weekly applications of growth retardants to 
plants given short days followed by an acclimation period (three weeks 
in darkness at 4°C) produced greater hardiness than short day treatments 
alone. It was also determined that treating hardened, non-dormant (not 
in rest) plants with growth retardants failed to slow the loss of hardi­
ness after a de-hardening treatment (5 days at 21°C), Application of 
GA under the same conditions, however, distinctly accelerated the loss of 
hardiness. 
Raese (1977) obtained inconclusive results when he attempted to in­
duce cold hardiness in apple tree shoots with growth regulators under 
field conditions. Mid-October applications of ethephon ((2-chloroethyl) 
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phosphonic add) followed 11 days later by NAA (naphthaleneacetic acid) 
treatment increased cold hardiness slightly by early fall in 1974, and 
to a lesser extent when the experiment was repeated two years later. 
Application of another growth retardant, daminozide (succinic acid-2, 
2-dimethylhydrazide) during the growing season, increased hardiness only 
slightly in the fall over a consecutive 3 year study. In one of the 3 
years, however, treated trees were no hardier than the control plants 
later in the winter. It was noted that the content of fructose, glucose, 
sucrose and sorbitol in 2-year old wood was higher in treated plants, 
where hardiness was induced in late fall and early winter, than in the 
controls. Harrington et al. (1977) concluded that soil drenched with 
daminozide inhibited the growth of young Taxus roots but had little 
effect on cold acclimation. When the growth retardant was applied during 
the acclimation period (short days and cool temperatures) hardiness was 
not increased. This conflicts with what Mityga and Lanphear (1971) 
found when they applied daminozide daily as a soil drench to Taxus 
cuspldata. They reported that the hardiness of the young roots was in­
creased to the level of mature roots. AMO 7618 was determined to be less 
effective and significantly reduced the hardiness of the mature roots. 
Mature roots from girdled plants did not develop hardiness under any con­
ditions indicating a dependence on the aerial portion of the plants to 
initiate the acclimation process in roots. This also appears to impli­
cate a transiocatable substance which may trigger the hardening process. 
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Influence of nutrition on cold hardiness 
The effects of nutrient levels on the development of cold hardiness 
in plants have been investigated with varyina results (Levitt* 1956). 
Heavy nitrogen applications in fall were shown to increase the suscepti­
bility of apple twigs to freezing injury (Way, 1954), Similar results 
were obtained by Edgerton (1957). When the nitrogen application was made 
in December or later, no effect on hardiness was observed. This may be 
due to reduced root activity by the time nitrogen leaches down into the 
root zone. It would be available early the following spring allowing 
for a rapid resumption of grov/th. Under these circumstances, late fer­
tilization could be advantageous. 
A tissue analysis of strawberry plant parts conducted by Zurawicz and 
Stushnoff (1977), revealed that plants with the highest ratio of phos­
phorus to potassium in crown and root tissues were the most resistant 
to cold stress. The authors concluded that the balance or relative 
amount of macro-nutrients to each other may be more important to plant 
hardiness and the acclimation process than the absolute level of any 
single element. 
Havis et al. (1972) found that fall applications of potassium and 
nitrogen, in ammonium or nitrate form, did not significantly affect the 
cold hardiness of Ilex crenata roots. Pellett (1973) obtained similar 
results with container-grown Forsythia when he analyzed nitrogen and 
phosphorus levels in root and stem tissue. He concluded that traditional 
practices for limiting nitrogen fertilization during the late summer and 
early fall to enhance cold acclimation in woody plants were not supported 
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by adequate research. He reported that plants fertilized later in the 
growing season appeared to have enhanced spring growth which ultimately 
maximizes total growth. It was concluded by Pellet and White (1969b) 
that maintenance of specific soil nitrogen levels in the fall did not 
significantly affect the rate of cold acclimation in Juniper roots or 
foliage. 
Plant top hardiness versus root hardiness 
Aerial portions of woody plants have generally been reported to 
be more hardy than roots. For example, Parker (1959) found that needles 
of white pine could survive -90° without injury, while roots were injured 
at -20°C. Leaves of Taxus cuspidata were reported hardy to -40° and 
roots only to -12°C (Zehnder and Lanphear, 1966). Chandler (1913) found 
that small roots were not as cold resistant as the larger roots and 
Mityga and Lanphear (1971) concluded that young roots were not capable of 
significant acclimation under natural conditions. Pellett (1971) com­
pared the hardiness of four different deciduous woody plants and found 
that stem tissue could survive much lower temperatures than root tissue 
following a cold treatment of 15 weeks. It was also noted that roots 
severed from the plant prior to the storage treatment responded similarly 
as those left intact. It would appear from these results that roots are 
incapable of acclimation. 
Wilner and Brach (1974) collected data, however, which indicate that 
roots possess the capacity to develop cold hardiness. Their investiga­
tion which included container-grown Rosa, Juniperus, Thuja, Taxus and 
Buxus, showed that even though roots did not develop the same degree of 
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hardiness as shoots, they exhibited a similar seasonal fluctuation. 
These observations are in agreement with others (Magness, 1928; Weiser, 
1970), Johnson and Havis (1977) concluded that roots respond to the 
same environmental signals (short days and cold temperatures) as the 
shoots for maximum rates of acclimation. In mature roots, the cold ac­
climation was found to be more closely related to minimum air temperatures 
rather than to minimum soil temperatures during the period of greatest 
hardiness. This evidence is in agreement with results reported by 
Irving and Lanphear (1967) and Harrington et al. (1977) suggesting the 
presence of a growth regulating substance manufactured in the shoots and 
translocated to the roots. 
There appears to be a question then, as to why roots and shoots 
do not harden to the same degree under natural conditions. Since all 
organs of an Individual plant hâve the same genetic potential for accli­
mation, there must be some environmental factor limiting the root's 
ability to achieve hardiness levels equal to that attained by the shoots. 
Wiest and Steponkus (1977) Investigated the possibility that low 
cellular concentration of sucrose limited hardiness in young roots of 
Pvracantha. They found that even though the sucrose content of young 
roots increased four-fold following exposure at 4°C, the concentration was 
never higher than that measured in non-acclimated mature roots. 
Chandler (1954) concluded that the tenderness of roots was due in 
part to the influence of the environment below ground. He reported that 
roots of most orchard species left uncovered during the summer, fall and 
winter became as resistant to freezing Injury as above ground parts of 
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the same plant, Tumanov and Khvalin (1966) found that fruit tree roots 
near the surface were hardier than those located at greater depths. They 
concluded that the difference in acclimation was due primarily to the 
state of growth activity. Roots deeper in the soil were less hardy be­
cause they continued growth longer in winter due to warmer temperatures 
and availability of moisture. The authors pointed out, however, that the 
cessation of growth alone was not sufficient to obtain maximum hardiness; 
this was induced only by subjecting the plant parts to light for 3 to 5 
months. Shoots and roots responded similarly when covered with soil. 
Hardiness of container-grown plants 
Plants growing in containers are more susceptible to root injury 
during the overwintering period than plants growing in the field. Con­
tainer soil temperatures were reported by Tinga (1977) to be warmer in 
the day and colder by night. In a previous study, Pellett and White 
(1969a) measured container root temperatures under natural outdoor condi­
tions. They reported that a frozen soil ball responds rapidly to changes 
in the ambient air temperature. They concluded that winter injury common 
to container-grown junipers in Minnesota was due primarily to root injury. 
According to their study, juniper roots could not tolerate temperatures 
below -12°C while foliage survived -39°C. Due to restricted root volume 
and unfavorable exposure to temperature fluctuations, Gouin and Stoner 
(1977) also concluded that the winter survival on container plants was 
directly related to the cold hardiness of their roots, 
Havis (1976) observed that young roots at the "media-container 
interface" could be lost without adverse effect on top growth, Studer 
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et al. (1978) determined that the temperature difference between the edge 
of the container and its center was not significant. Therefore, if young 
roots near the edge of the container are killed, then they would be 
similarly affected throughout the container. Since water absorption and 
mineral uptake occurs primarily in young actively growing roots, the re­
sumption of spring growth would be delayed causing at least a temporary 
setback until new roots could be initiated. 
Self (1977) presented data on container soil temperatures that are 
not in complete agreement with the results reported by Studer et al. 
(1978). He found that soil temperatures fluctuated much more near the 
surface and close to the edge of the container than the soil in the cen­
ter. This resulted in more freezing and thawing in the peripheral areas 
of the container. Other pertinent information presented by Self (1977) 
suggested that the freeze-thaw rate is affected by: (1) color, size and 
composition of the container; (2) potting mixture and soil moisture con­
tent; (3) position of container in overwintering site, and (4) exposure 
to solar radiation. 
Transpiration 
Transpiration is the process of water movement from the soil through 
the plant to the atmosphere. Its rate is dependent upon the moisture 
availability in the soil, morphological characteristics of the plant, 
and atmospheric conditions. Transpiration differs from evaporation in 
that water vapor does not evaporate from a free surface but must pass 
through an epidermis (with cuticle) or through the stomata. It has been 
estimated that for most plants, less than ten percent of the water 
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transpired passes directly through the cuticle (Northen, 1968). Con­
siderable quantities of water are removed from the soil via transpiration. 
For example, a corn plant growing to its final volume of two liters 
will take up and lose to the atmosphere approximately 200 liters of water 
(Salisbury and Ross, 1969). Results obtained by Gale and Hagan (1966) 
and Davenport et al. (1977) suggest that transpiration is not an efficient 
process in regard to water retention. They reported that less than one 
percent of the water taken up by the root system is retained by the plant. 
One purpose of transpiration may be to lower the leaf temperature 
as water vapor passes from the mesophyll to the surrounding air (a form 
of evaporative cooling). Davenport et al. (1969a) concluded however, 
that under normal circumstances the increase in leaf temperature is not 
very great since thermal emission is the most important means of heat dis­
sipation and would occur without transpiration. It has also been suggest­
ed that transpiration is instrumental in bringing minerals, nutrients, 
and water to the photosynthetic sites, although the evidence is not con­
clusive for this hypothesis. Some plants have been grown successfully 
in atmospheres of 100 percent relative humidity where transpiration is 
negligible (Northen, 1968). 
The possibility also exists that transpiration is nothing more than 
a consequence of the photosynthetic process and the anatomical charac­
teristics of the leaves in which it occurs. 
Cuticle 
Plant surfaces exposed to the atmosphere usually have a protective 
layer called the cuticle (Van Overbeek, 1956). It consists primarily of 
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cutin, which is lipoidal and relatively Impermeable to water and gases 
(Fahn, 1974). The amount of epicuticular wax varies with the species 
and may constitute up to 4 percent of the fresh weight of leaves 
CEglinton and Hamilton, 1967). The wax serves to maintain a favorable 
water balance, acts as a barrier to disease and insect organisms, and 
minimizes mechanical damage to underlying cells. 
Armstrong and Whitecross (1976) studied the formation of leaf waxes 
in Brassica. After incorporating labeled palmitic acid (1-^^C) into 
leaf strips, they examined them by thin section autoradiography and elec­
tron microscopy. The label was found to be associated with mitochondria, 
golgi vesicles and the endoplasmic reticulum of epidermal cells. The 
label was also observed to be associated with the outer epidermal wall 
across which cuticular lipids were reported to migrate. Variations in 
growth temperatures (15°, 21° and 27°C) produced structural changes in 
surface waxes but no specific correlation was found between surface fine 
structure and variations in subcellular morphology. It was concluded by 
the authors that variations in fine structure were influenced by growth 
temperatures resulting from effects at the biochemical level. An earlier 
study by Whitecross and Armstrong (1972) showed that while light intensity 
had no effect on wax structure, it did influence the surface deposition, 
A reduction in intensity produced a reduction in the amount of wax cover­
ing the leaf. 
Hanover and Reicosky (1971) described two types of epicuticular wax 
in certain conifers. Structural wax exhibited a fibrillar, netted or 
thread-like appearance which was susceptible to weathering such as the 
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blue bloom of Picea pungens. The other type of wax they described as 
being amorphous. It lacked any definite recognizable structure and 
appeared as solid plates, ridges or encrustations. 
Stone (1958) reported that mist spraying (water) at night appeared to 
prolong the survival of Pinus ponderosa in dry soils. This was an inter­
esting observation since an earlier study by Parker (1954) showed that 
pines demonstrated a marked resistance to desiccation during drought 
which was attributed to the effectiveness of a waxy cuticle. Leyton and 
Juniper (1963) observed by SEM that the amount of wax on the needle 
surface below the sheath was much less than that covering the rest of the 
needle. They hypothesized that this was the site where foliar absorption 
of water was occurring during misting. This hypothesis raises tv/o ques­
tions: (1) is the water actually entering the plant in these areas of 
thin wax covering or is the relative humidity simply raised around the 
plant as a result of the misting? and (2) if water is able to enter 
through these areas of low wax deposition, would it not also be a region 
where water could be easily lost resulting in even greater desiccation? 
Stomatal movement 
Most water transpired by plants is lost through the stomata be­
cause this is the path of least resistance (Woo et al., 1966). Water 
taken up by plants eventually finds its way from the soil through the 
vascular tissue to the mesophyll and spongy parenchyma cells in the leaf 
from which it evaporates into the intercellular spaces. These inter­
cellular spaces are linked to the outside air by the stomatal apertures. 
The amount of water that passes through the stomata is a function of 
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several factors which include the size of the aperture and the relative 
humidity of the atmosphere. The relative humidity of the intercellular 
space in a turgid plant is 100 percent, thus the water will diffuse 
faster during dry atmospheric conditions than it would during more humid 
conditions. The size of the aperture may range from fully open to fully 
closed and is influenced by various factors. 
Stomata typically close in darkness, during water stress, the on­
set of high temperatures (above 30°C), high wind velocities and high 
carbon dioxide levels. They generally open with the occurrence of light 
and low levels of carbon dioxide (Salisbury and Ross, 1969). 
Raschke (1975) reviewed the literature on stomatal responses to the 
environment. He cited considerable evidence suggesting that stomata re­
spond indirectly to light by reacting to the reduction of carbon dioxide 
in the intercellular spaces. Stomata surrounded by water saturated 
tissue may lose the carbon dioxide sensitivity but exposure to abscisic 
acid (ABA) resensitizes them. Blue light appears to enhance stomatal 
opening but is not essential. Stomata in non-water stressed plants become 
insensitive to internal carbon dioxide levels at temperatures above 35°C, 
Stomatal opening v/as found to generally follow carbon dioxide assimila­
tion at temperatures less than 35°C. 
Stomatal movement and aperture size involves changes in the relative 
turgidity of guard cells. Various explanations have been proposed to 
explain how the guard cells take up and lose water. At present, there are 
two main schools of thought; (1) Levitt's Modified Classical Theory 
(1967) and (2) Raschke's Feedback Loops Hypothesis (1975). 
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Levitt (1967) proposed that only a formation of solutes in the guard 
cells followed by passive absorption of water could account for stomatal 
movement. The major difference betv/een Levitt's modified theory and 
Scarth's initial hypothesis (Scarth and Shaw, 1951) is the controlling 
agent. Levitt concluded that protoplasmic acidity in the guard cell 
protoplasm is controlled by the concentration and organic acid(s) and 
not carbon dioxide as hypothesized by Scarth. 
Raschke's stomatal feedback system proposes that a reduction in 
mesophyll carbon dioxide initiates the transport of ions, particularly 
potassium, into the guard cells from surrounding tissue. As the osmotic 
potential increases within the guard cells, turgidity increases with the 
influx of water; thus increasing aperture size. Stomata close as a 
result of water movement out of the guard cells, due to a water deficit in 
surrounding tissues. Raschke's proposed system also suggested that an 
"active" reduction of solutes in the guard cells may play a role in sto­
matal closure. 
EXPERIMENTAL DESIGN 
My experiment incorporated a total of 480 container-grown ever­
green plants, each receiving 1 of 4 anti-transpirant treatments, and 
subsequent placement into 1 of 6 possible mulching techniques. The 
plants were stored during the winter of 1978-1979 and evaluated for 
winter injury the following spring, The experiment consisted of 4 rep­
lications with a split-split plot design as diagrammed in Fig, 1, The 
whole plots were mulching treatments and consisted of 20 plants enclosed 
in a 61cm by 183cm area. Whole plots were split first into sub-plots 
(species) and then into sub-sub-plots (antitranspirants). 
Prior to final placement and covering, temperature sensors were 
positioned in selected containers at various soil depths and other loca­
tions to monitor temperatures (Fig. 1). 
The 5 plant species used in this investigation were: (1) white pine, 
Pi nus strobus; (2) Scotch pine. Pi nus sylvestris; (3) Anglojap yew, Taxus 
X media; (4) Austrian pine. Pi nus nigra; and (5) blue rug juniper, 
Juniperus horizontal is 'Wiltoni', The numbering system used here cor­
responds to the species number representing sub-plots in Fig. 1, 
The pines were obtained from the Iowa Conservation Commission 
Nursery as bare root, 1-year old seedlings. They were potted up in 
green painted, 23cm deep, steel containers using a 1-1-1 potting mix of 
field soil, perlite and peat moss. They were thoroughly watered and im­
mediately set out on the north side of a building, A snow fence was put 
around the growing area to deflect the wind. 
Fig. 1. Arrangement of container-grown plants in the field using a 
split-split-plot design, Roman numerals designate repli­
cations, 
Arabic numbers 1-6 located below whole plots represent 
mulching treatments: 1 = no mulch; 2 = milled corn cob placed 
around containers above ground; 3 = milled corn cobs placed 
around containers below ground; 4 = water and ice sur­
rounding container above ground; 5 = Ilicrofoam thermo-blanket 
covering entire plant; and 6 = straw covering entire plant. 
Arabic numbers located next to sub-plots designate plant 
species; 1 = white pine; 2 = Scotch pine; 3 = Anglojap yew; 
4 = Austrian pine; and 5 = blue rug juniper. 
Unnumbered sub-sub-plots represent antitranspirant treatments. 
Plants were treated v/ith Kilt-Pruf, Exhalt 4-10, or Vapor 
Gard. Untreated controls were included. 
Circles designate sites where temperature sensors were placed. 
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Fig, 2, Mulching methods used in overwintering study of container-grown evergreens. From left; 
above ground corn cobs; water mulch; Microfoam; below ground corn cobs; straw cover; and 
control. 
30 
31 
The yews had been started the previous year from cuttings and were 
growing in 7.5-cm deep clay pots. They were transplanted into the same 
type of containers and growing medium previously described, and placed in 
the growing area with the pines. 
The junipers had been carried over from the previous year's over­
wintering study and were in their third growing season. They had been 
asexually propagated in northwestern Iowa and the rooted cuttings trans­
planted into 23-cm deep black plastic containers. 
There were approximately 100 container-plants of each species grow­
ing in the protected nursery area by June 1, 1978, The plants were rou­
tinely watered, and fertilized periodically with a "Hozon" attachment 
using Peter's 20-20-20 at a rate of 200 ppm. 
On August 1, 1978, the plants were moved to an area where they re­
ceived full sun but were sheltered from high winds. Ninety-six repre­
sentative specimens were selected from each species on November 10, 
1978, for the experiment. Plants were treated with antitranspirants and 
placed in their respective overwintering environments by November 18, 
1979. 
SEM of needles and temperature monitoring was initiated at the be­
ginning of the overwintering period and followed at intervals throughout 
winter and spring. Visual ratings of winter desiccation and evaluations 
of root viability were started in March, 1979 when the overwintering 
period was terminated. Growth measurements were made later in the spring. 
The data were examined by analysis of variance and differences'be­
tween means were compared by single degree of freedom "F" tests (Steel 
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and Torrie, 1960), The orthogonal sets used for the various main effects 
and interactions are diagrammed and explained in the Materials and 
Methods sections of Parts I and II. 
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PART I. THE EFFECTS OF SELECTED MULCHING TECHNIQUES ON THE 
MODIFICATION OF ROOT ZONE TEMPERATURES AND SURVIVAL 
OF FIVE SPECIES OF CONTAINER-GROWN EVERGREENS 
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INTRODUCTION 
Winter Storage of Nursery Stock 
Various procedures and structures have been used for overwintering 
nursery stock. The earlier methods were developed to store bare root, 
and balled and burlapped plants that were field dug in fall for early 
shipment the following spring. Mahlstede and Fletcher (1960) reviewed 
the history and principles of storing woody and herbaceous perennials. 
The concepts of common, refrigerated, and modified atmosphere storage 
for bare root nursery stock are as applicable today as they were 20 years 
ago, but are not adaptable to large operations involving container-
grown plant materials. 
One of the earliest reported overwintering facilities in the United 
States was a nursery storage cellar constructed prior to 1874 in Michigan 
(Davidson and Mecklenburg, 1974). This type of storage undoubtedly pro­
vided an excellent management technique for protecting a small number of 
plants, provided the cellar did not flood and rodents could be controlled. 
Davis (Seidel, 1976) reported that a cellar-like structure below ground 
on three sides in Massachusetts maintained favorable conditions for con­
tainer, and balled and burlapped plants. Most plant materials, includ­
ing evergreens, were reported to store satisfactorily without light be­
cause of the high humidity and moderate temperatures (0° to 2°C) pre­
vailing below ground. 
In areas where snow comes early and persists through the winter,, 
container-plants can be overwintered by laying them on their sides prior 
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to the first snov/. In regions where snow is not dependable, there are 
several alternatives for providing winter protection, 
Davis (Seidell 1976) described a method which consisted of grouping 
plants together and packing sawdust around the containers. Foster (1977) 
reported success using this technique with straw. Self (1977) found, 
however, that mulching containerized rhododendrons with wood shavings 
Increased frost damage, especially if some of the mulch was under the 
containers. He concluded that the shavings acted as a barrier to the 
radiation of ground heat. Temperatures recorded during one measuring 
period showed that the soil temperature near the base of containers rest­
ing on mulch was the same as the air temperature (-4.0°C), while those 
placed directly on the ground were 6°C warmer. Plastic# gravel, roofing 
paper and other materials commonly used to retain moisture and control 
weeds during summer will similarly act as a heat barrier in the winter. 
This is one possible argument against overwintering plants in place. 
Steven White^ overwintered junipers in Mil ford, Iowa by grouping 
them together, can to can, and covering with approximately 15 cm of 
straw. He enclosed the north, east, and west sides of the overwintering 
site with snow fence which provided added snow accumulation. He reports 
satisfactory winter protection, but severe rodent damage some years. 
2 James Strautman stores container stock by placing the plants close to­
gether In a confined area and completely covering them with sawdust. He 
^Steven White, Mil ford Nursery, Mil ford, Iowa, Personal communica­
tion, 1978. 
2 James Strautman, Strautman Christmas Tree Farm, Cambridge, Iowa, 
Personal communication, 1978. 
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reports no problems with this system, even though most of his stock is 
evergreen. His container operation is, however, relatively small and 
uses sawdust, provided free of charge, from a local mill. 
3 Richard Schlick conducted overwintering experiments with contain­
erized fruit and other deciduous trees. The plants, in bushel baskets, 
were crowded together and thoroughly watered. Wood shavings were placed 
between and on top of baskets to a depth of 7 to 15 cm. A personal 
examination of the experimental plots in the spring of 1978 revealed 
marked differences between mulched and non-mulched trees. Mulched plants 
were in leaf and appeared vigorous, whereas those not mulched looked dead. 
Different results were obtained during the 1978-1979 winter, however. 
According to Schlick, approximately 90 percent of the plants were killed 
or severely injured and had to be discarded. The latter study did not 
include an untreated control plot for comparative purposes. 
Gouin (1973) concluded that few growers have 100 percent success 
overwintering plants by crowding together at ground level and covering 
containers with mulch. More successful methods described by Gouin in­
cluded the use of cold frames and open trenches. The trench method con­
sisted of placing plants closely together in a "wide open" trench, dug 
45 to 75 cm deep. The plants were then mulched with sawdust, shavings, 
ground bark, or wood chips. It wasn't clear whether entire plants were 
covered or containers only. 
To overcome the high cost of mulching, some growers have resorted to 
the use of above ground structures to store container plants. Davis 
3 Richard Schlick, Earl May Seed and Nursery Company, Shenandoah, 
Iowa, personal communication, 1978. 
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(Seidell 1976) reported that above ground barns were not effective be­
cause plants tended to dry out excessively in these structures unless 
they were lined with polyethylene (to maintain higher relative humidity 
levels). 
The Earl May Seed and Nursery Company, Shenandoah, Iowa, utilizes 
large lath houses to overwinter container evergreen material. Schlick 
(personal communication, 1979) related that the nursery starts moving 
plants into the lath houses in early October. Milky-white polyethylene 
is placed over the top and west side of the houses by November 1, De­
pending on the weather, the north and south sides are covered next, with 
the east side left open until late November. By December 1, the houses 
are completely enclosed by polyethylene in preparation for the coming 
winter. On unseasonably warm days, the houses are opened for ventilation. 
Relatively high humidity and favorable temperatures are apparently main­
tained in these structures because plants are reported to overwinter with 
minimum damage. 
Probably the most widely used above ground structure for over­
wintering container plants is the polyethylene covered greenhouse common­
ly called a poly house. Investigators and growers from various regions 
of North America have reported success using poly house storage; Aubin 
(1974)-Canada, Fries (1974)-New Jersey, and Foster (1977)-0klahoma. Pre­
liminary studies by this author conducted during winter 1977-1978, result­
ed in severe foliar browning with junipers stored in a semi-clear poly­
ethylene covered house located at the Ames Horticultural Research Center. 
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The problem associated with evergreen injury in poly houses was in­
vestigated by Davidson and Mecklenburg (1974), to identify factors con­
tributing to successful storage. They found that the best protection in 
non-irrigated houses was accomplished with structures oriented in a 
north-south direction and covered with milky-white polyethylene. They 
concluded that the dehydration of evergreens in clear poly houses and 
those oriented in an east-west direction was due to high vapor pressure 
gradients that occurred on clear days. Higher and more fluctuating 
temperatures are also thought to be detrimental to plants in clear poly 
houses. Chong and Desjardens (1976) reported that desiccation of foliage 
and stem parts was the major cause of winter injury to plants overwintered 
in poly houses in Ottawa because plants are exposed to direct sunlight 
when container soil is frozen. They concluded, however, that despite 
certain disadvantages and problems, plants overwintered in poly houses 
sustained less damage than those stored in cold frames or left unpro­
tected outdoors. Their study was conducted in Ontario, Canada. 
Some investigators and growers have concluded that poly houses do 
not offer sufficient protection for container plants unless heaters are 
installed to maintain temperatures above minimum killing temperatures 
(Bosley, 1972; Cross, 1977; Stroombeek, 1977). Other growers having 
repeated failures with unheated structures have resorted to mulching with­
in the house while a few have simply discontinued container plant pro­
duction (Gouin, 1973). 
There have been several innovations in modifying temperature ex­
tremes in unheated structures. Steavenson (1977) placed barrels of 
water around the Interior of a fiberglass roofed structure in Missouri. 
Not only did the water moderate temperatures, but it also gave off heat 
during freezing (heat of fusion). A mist system was also installed for 
added protection. According to Steavenson, "The system worked beauti­
fully" during the 1976-1977 winter. The same principle was employed by 
Vanderbilt (1977) in his application of water channels between rows of 
container stock stored in quonset houses. He reported several cycles of 
freezing and thawing before the channels finally froze solid. He con­
cluded that all beneficial effects of the water channels were terminated 
by mid-January, but valuable storage time was gained from severely low 
temperatures in Pennsylvania using the system. This method may be prac­
tical in areas where air temperatures fluctuate above and below freezing 
on a frequent basis through the overwintering period. It would not be 
suitable in Northcentral United States where the temperature remains be­
low zero for most of the winter. For example, beginning on December 24, 
1978, the temperature remained below freezing for 52 consecutive days 
at the Ames Horticultural Research Center. 
A more promising innovation for overwintering container plants in 
the field is the structureless thermo-blanket system developed by Gouin 
(1973). Plants are grouped closely together, thoroughly watered, and 
covered with Micofoam (DuPont Product). Microfoam is a white s tyro foam­
like material that remains flexible over a wide temperature range and 
transmits approximately 50 percent light. It is used commercially as a 
packing material. 
Gouin (1973), Gouin and Stoner (1977), and Gouin and Link (1979) 
have concluded that the Microfoam, thermo-blanket system provides 
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excellent protection for a wide variety of container grown plants, both 
deciduous and evergreen. They list several advantages in using their sys­
tem which include: (1) retention of ground heat; (2) protection from 
rapidly fluctuating temperatures; (3) decreased exposure to drying wind 
and solar radiation; (4) less handling of plants in preparation for over­
wintering, and (5) no losses of plants due to structure collapse. This 
author also obtained favorable results using Microfoam as a covering 
material for selected pine and juniper species, during the 1977-1978 
preliminary overwintering study. 
Curtis (1975) developed a method in Oregon which is intermediate be­
tween poly houses and Gouin's structureless system. Much of the labor 
cost of handling plants was eliminated by overwintering the plants on 
the site where they were grown. According to this method, a 1-meter 
high arch of reinforcing concrete steel mesh is positioned over the 
plants during the growing season. In early November, polyethylene is 
placed on top of the mesh. The ends are dropped when cold weather is 
imminent and all edges are eventually sealed with soil, sawdust, or 
cansi. The only source of heat in these low structures is provided by 
the sun and that re-radiated from the ground. During the "January thaw", 
the plastic is temporarily removed from the frame work during the day 
(especially if rains are forcasted). Snow was not reported to accumulate 
on top of the structures because of their semi-circular configuration. 
Self (1977) concluded that the best approach to winter protection 
in Alabama was to place containers together, apply a protective border 
around them, and treat with an antitranspirant. 
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Viability Tests 
Several assays have been developed to determine the viability of 
tissue after exposure to unfavorable conditions. Considerable interest 
has developed in the stress physiology of plants pertinent to hardiness 
studies. Dexter et al. (1930) reported a correlation between known hardi­
ness levels of alfalfa roots and the degree of retention of electrolytes 
by the tissue after freezing. Conductance of the solution was measured 
for inorganic compounds that may have been leached from freeze injured 
cells. Wilner (1961) concluded that a measure of the resistance of a 
solution containing cellular material was equally as good an indicator 
of injured tissue. 
Siminovitch et al. (1962) considered it "obvious" that.organic com­
pounds such as amino acids and sugars would also be leached from freeze 
injured cells. They developed an assay using a ninhydrin reagent to de­
tect ninhydrin reactive substances in the leachate which proved to be 
"a sensitive criteria for the estimation of frost injury in plant tis­
sues." Stein and Moore (1948) developed the first practical procedure 
for chromatographic separation of amino acids and a photometric method 
for the quantitative analysis which was based on the reaction of amino 
acids with reduced ninhydrin. Others were able to increase the sensi­
tivity of the ninhydrin test (Troll and Cannan, 1953), and make the 
reagents more stable (Rosen, 1957). 
Wiest et al. (1976) evaluated freeze injury in root tissue (ex­
posed to low temperatures in the laboratory) by expressing the initial 
release of ninhydrin-reactive compounds following freezing as a 
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percentage of the potential release. The initial release was determined 
by assaying a 1-ml aliquot of leachate in which 100-200 mg of roots were 
incubated at 4°C for 12 hours on a shaker. The roots and the remaining 
leachate were then boiled for 30 minutes to kill and disrupt the integ­
rity of the remaining cells so that all ninhydrin reactive substances were 
released in solution. The leachate was assayed again and the re­
sulting quantity represented the total amount of ninhydrin-reactive com­
pounds which had been in the root segments, Wiest et al. called this the 
"potential release." Their results indicated that most samples remained 
viable if the analysis indicated less than 35 percent initial release. 
This test was purported to give reliable and consistent results in the 
laboratory but was not considered to be adaptable to field conditions 
since the water soluble components of freeze injured cells would soon 
leach out of the roots and be lost. It was anticipated that soil micro­
organisms and other debris would also influence the assay. 
Stergios and Howell (1973) compared the following viability tests 
for convenience and reliability: (1) growth; (2) tissue browning; 
(3) triphenyl tetrazolium (TTC) reduction; (4) specific conductivity; and 
(5) double freezing point. They concluded that growth and tissue brown­
ing were the most reliable tests but were time consuming and not quanti­
tative. The other tests were quantitative but were not reliable. 
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MATERIALS AND METHODS 
Mulching Techniques Used in Experiment 
Mulching effectiveness, for reducing cold injury, was evaluated by 
subjecting plants to the following overwintering treatments (Fig. 2): 
(1) plants standing upright on the ground unprotected (CON); 
(2) plants stored on the ground with containers submerged in milled 
corn cobs (AGM); 
(3) plants overwintered with containers submerged in a corn cob 
filled trench (BGM)j 
(4) plants standing upright with waterproofed containers plunged 
in water (WTM); 
(5) plants positioned at a 45 degree angle entirely covered with 
Microfoam ,>(MCF); 
(6) plants standing upright entirely covered with straw (STM). 
The first treatment was categorized as the untreated "control"; treat­
ments 2, 3, and 4 were considered to be "root-zone" type mulches; and 
5 and 6 were classified as "entire-plant" mulches. Plants within a 
treatment were contained in a plot by wooden frames or trenches. 
Plots were oriented with their long axis in a north-south direction 
and aligned from east to west (Fig, 1). There was a distance of 1 meter 
between plots and 2 meters between replications. Poisoned bait was 
placed in the overwintering site to curtail rodent damage. The overwin­
tering period commenced on November 18, 1978 and ended March 17, 1979, 
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Temperature Moni tori ng 
Air and soil temperature measurements were taken periodically between 
November~29v 1978 and March 9, 1979. Temperatures were recorded for 24-
hour time periods once a week for 15 weeks. 
The temperature monitoring system was developed by personnel in 
the Research Equipment Assistance Program (REAP), Fig. 3 illustrates the 
relationship between the basic components of the system. The recorder 
sensor 
recorder 
timing 
programmer 
stepping 
switch 
ampli fi er 
Fig. 3. Basic components of the temperature monitoring system developed 
by Research Equipment Assistance Program personnel. 
was a standard Brown (Honeyv/ell) single point strip chart recording in­
strument with a range of 0 to 60 mv and built in first order compensation. 
The amplifying unit and timing programmer were produced by (REAP) person­
nel. The 40 point stepping switch was connected to diode sensors by 
shielded coaxial cable. 
Diodes were used as sensing elements because they have a linear tem­
perature coefficient; bias was applied through a current limiting network 
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to eliminate self-heating. As the temperature of the diode decreased, 
resistance to current flow decreased causing a decrease in voltage. 
This change in voltage was detected, amplified, and recorded by the 
components. 
Silicon signal diodes (type IN 3730) were used in this instrumenta­
tion. They were soldered to the signal transmitting cable and water­
proofed with epoxy. The 40 sensing circuits were standardized with trim­
ming resistors until all read ± 0.5°C when the diodes were immersed in an 
ice water bath. Final calibration was accomplished in the field by sub­
merging diodes in a sub-zero alcohol bath. Warm water was added at timed 
intervals and temperatures recorded with a mercury thermometer. The 
points were graphed, linearity established and a template made so that 
chart traces could be converted directly to temperature readings when 
recorded on data sheets. 
A Honeywell 24 point recording potentiometer was not used in this 
data collection for three reasons; (1) it was felt by the REAP person­
nel that the diode sensors were more sensitive and accurate; (2) 40 sens­
ing locations were desired rather than 24; and (3) a 24 point recording 
potentiometer was not immediately available. 
Foliage Injury Evaluation 
Winter injury (winter burn) was evaluated by determining the amount 
of foliage that had turned brown. Plants were first categorized as hav­
ing sustained limited foliar discoloration, considerable foliar discolor­
ation, or extensive discoloration. A decision was then made as to the 
level of damage sustained relative to other plants in that category and 
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a score of 1-9 was recorded. On a percentage of foliage injured basis, 
the rating system would be roughly equivalent to; 
1 - no damage 
2 - 12 percent of foliage brown 
3 - 2 5  "  
4 - 3 7  
5 - 5 0  
6 - 6 7  
7 - 7 5  
8 - 8 7  "  
9 - 100 " 
Evaluations were made on March 17, 1979, June 1, 1979, and June 30 
1979. 
Growth Measurements 
Resumption of spring growth was evaluated by counting the number of 
buds that had initiated growth (broken bud) by June 1, 1979 and by mea­
suring the length of the longest new shoot on the plant as of June 13, 
1979. The number of branches per plant (prior to bud break) was also 
counted so that bud break could be related to branching. Bud break was 
not determined for yews or junipers and shoot lengths were not measured 
for junipers. 
Root Viability Tests 
Ninhydrin test 
Assays for ninhydrin reactive compounds in root samples were limited 
to those plants previously designated as untreated controls in the anti-
transpirant study. This provided an unbiased method for selecting plants 
and ensured that all species from all mulching treatments would be eval­
uated. 
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Root sampling was carried out on a replication basis in that they 
were collected from 30 plants in the same replication during a single 
sampling period. Representative root segments, 5 to 10 mm long and 1 rtm 
in diameter were randomly cut from the outer perimeter of the root ball 
with dissecting scissors until 100 to 200 mg of root tissue v/as obtained. 
They were washed (wash water saved), blotted dry, weighed, and placed in 
a 50-ml beaker containing 15 ml of distilled water. The beakers were 
covered and placed in a refrigerator. When all 30 plants had been sam­
pled, the beakers were put on a shaking table and incubated for 16 hours 
at 4°C. Following the incubation period, the ninhydrin test procedure 
developed by Wiest et al. (1976) was followed. The ninhydrin reagent was 
formulated according to the procedure of Moore and Stein (1954). 
Ninhydrin reactive substances were expressed as amino acid equivalents. 
Preliminary tests revealed very small quantities of ninhydrin-
reactive substances present in the leachate (prior to boiling) or in the 
wash water. It was therefore concluded that the "initial release" of 
these substances from injured tissue had already been leached from the 
root zone and was not available for assay. Even though one of the two 
key values In the Weist et al, procedure could not be determined, the 
other one could, A determination of ninhydrin reactive compounds 
(liberated after boiling and disruption of cell integrity) was thought 
to be a relative measure of how much freeze injury had occurred under the 
various mulching methods. The same reasoning was used in making the de­
cision to test for reducing sugars. The least damaged root segments (due 
to freeze injury) should contain relatively high quantities of sugars as 
compared to dead or severely injured tissue. 
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Sugar test 
Reducing sugars were determined on the boiled root solution (used 
in the ninhydrin test) according to the procedure of Nelson and Somogyi 
(Spiro, 1966) and expressed as glucose equivalents. Soluble sugars 
(sucrose plus reducing sugars) were determined by subjecting an aliquot 
of the boiled root solution to 2.5 units of invertase for 60 minutes at 
40°C. Sucrose was estimated by subtracting the amount of reducing 
sugars from the soluble sugar determination. 
Labeled glucose uptake 
Root samples were obtained from Austrian pines representing each of 
the mulching techniques over all replications. Approximately ICQ mg of 
root tissue were excised according to the procedure described for the 
ninhydrin test. Root segments were placed in a vial containing 3 ml of 
distilled water and 10 pi of labeled glucose, This vial was placed 
in a 500-ml firlenmeyer flask containing a scintillation vial to which 
1 ml of ethanolamine had been added to trap respired carbon dioxide. The 
flask was stoppered and respiration allowed to proceed for one hour. The 
scintillation vial was then removed and 2 ml of methyl cellusolve and 
10 ml of scintillation solution (Stewart and Boggess, 1978) were added. 
Radioactivity was measured by liquid scintillation with a Beckman LS-lOO 
counter. 
The influence of microbial respiration on labeled carbon dioxide 
levels was checked by surface sterilization of some root segments. Wash 
water (obtained during root sampling), soil samples and appropriate 
blanks were also checked for radioactivity after incubation with labeled 
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glucose. Results Indicated that microbial activity was negligible and 
more accurate data could be obtained by not sterilizing the roots. 
Comparison of Treatment Means 
Tables A1-A4 show the treatment comparisons and coefficients used to 
partition the treatment sums of squares. These comparisons are orthogonal 
and range from general to more specific categories as diagrammed below. 
Mulching Treatment 
(Ml) Control Mulch 
(M2) Root-zone Entire-plant 
(MS) Corn cobs Water (M4) Microfoam Straw 
(M3) Above ground Below ground J 
Species 
(SI) Pines Other species 
(S2) 5 Needle 2 Needle (S4) Yews 
(white) 
Junipers 
(S3) Scotch Austrian 
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All possible interactions between the main effects of mulching treat­
ments and species were tested. The interactions and the main effects com­
pared are shown below. 
N 1 = Ml X SI Nil S 3 X S3 
N 2 - Ml X S2 N12 a 3 X S4 
N 3 = Ml X S3 N13 8 4 X SI 
N 4 = Ml- X S4 N14 4 X S2 
N 5 = M2 X SI N15 8 4 X S3 
N 6 = M2 X S2 N16 = 4 X S4 
N 7 =  M 2 x S 3  N17 a 5 X SI 
N 8 = M2 X S4 N18 3 5 X S2 
N 9 = M3 X SI N19 5 X S3 
NIO = M3 X S2 N20 a 5 X S4 
Only those interactions which were found to be statistically sig­
nificant by single degree of freedom F tests are listed in the analysis 
of variance tables (Tables A1 - A16). 
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RESULTS AND DISCUSSION 
Temperature Moderation 
Results indicate that root zone temperatures are influenced by 
mulching (Tables 1 and 2, Fig, 4), Snow cover was also considered to be 
an important factor in temperature moderation and may explain how con­
trol plants were able to maintain temperatures not significantly differ­
ent from the average temperature recorded under mulched conditions (Fig. 
5). It appears that snow is a better mulch than straw (STM) and equal 
to the corn cob treatment above ground (A6M) with regard to root zone 
temperature moderation. 
The technique of placing containers in corn cob filled trenches 
(BGM) resulted in the highest mean root zone temperatures. The reason 
this method was more effective than containers mulched in corn cobs 
above ground may be due to the insulating properties of soil and natural 
ground heat. Ice is also apparently effective in insulating the root 
zone micro-environment from temperature extremes. 
Microfoam maintained significantly higher root zone temperatures 
than straw probably because it was able to trap the heat from insola­
tion (greenhouse effect). Gouin and Link (1979) reported that soil 
temperatures under Microfoam in Maryland, were consistently higher than 
in all other treatments evaluated. They concluded that the high air tem­
peratures under the Microfoam in late winter could create problems by 
initiating early growth and considered applying reflective paint or 
covering the Microfoam with white polyethylene to reduce the greenhouse 
effect. 
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Table 1. Effect of mulching on the root zone temperature of container-
grown plants during winter, 1978-1979,a 
Mulching treatment Degrees C. 
Control (CON) -5,0 
Above ground corn cob mulch (AGM) -5,1 
Below ground corn cob mulch (BGM) -2.6 
Water Mulch (WTM) -3,7 
Microfoam (MCF) -4,2 
Straw CSTM) ^7,3 
Data are averages of two replications of temperature measurements 
taken between November 29» 1978 and March 9, 1979, Monitoring was done 
on a 24 hour basis once a week for 15 weeks. 
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Table 2. Orthogonal comparisons of mean root zone temperatures of con­
tai ner-grown plants. 
Comparison no, and category® Mean temperature^ 
of mulching treatment degrees C. 
Ml Control Mulch 
-5.9 
-4.5 MS 
M2 Entire plant Root zone 
-5.7 
-3.8 
* 
M3 AGM (corn cobs above ground) BGM (corn cobs below ground) 
-.5.1 
-2.6 
* 
M4 Microfoam Straw 
-4.2 
-7.3 
** 
M5 Corn cobs (both AGM and BGM) Water 
-3.7 
-3.8 NS 
^Comparison number is referenced in Tables A1 - A16. 
'^Values calculated from means in Table 1, 
*F test significant at the 5% level, 
irk 
F test significant at the 1% level, 
^^Not significant. 
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Fig. 4. Temperature fluctuations for ambient air and 4 mulching treat­
ments during winter, 1978-1979. Temperature monitoring was 
initiated on November 29, 1978 and terminated March 9, 1979. 
Fig. 5. Nursery overwintering site, Ames Horticultural Research Center. Photograph taken on 
February 22, 1979. 
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Incidence of Winter Burn 
Multiple evaluations of winter burn were conducted to follow the 
plants' progress with the passage of time (Table 3). White pines, Scotch 
pines, and yews showed an increase in foliar discoloration during the 
second evaluation. It appears that the effects of adverse environmental 
conditions on plants are not manifested until some time after the actual 
injury occurs. It will be noted that the pines recovered considerably 
between the second and third evaluations. Their improved appearance was 
due primarily to the dropping of dead needles and a flush of spring 
growth. The yews were observed to maintain their previous injury level 
indicating a slower recovery date. Root injury was suspected for some 
plants. The junipers' appearance did not change appreciably over the 
three evaluations. The values recorded for WTM treated junipers on 17 
March and 6GM treated on 30 June are inconsistent with the other data 
and cannot be explained. 
Entire-plant type mulches were generally more effective than root-
zone types in reducing winter burn (Table 4), Better protection of the 
foliage from the adverse effects of the environment is thought to be re­
sponsible, 1,e,, wind, low humidity, and extreme fluctuations in insola­
tion, Microfoam was more effective than straw as a covering material 
probably because a tighter seal could be made with the ground, resulting 
in higher humidity and temperatures, Gouin and Link (1979) also re­
ported higher humidity levels under Microfoam and described plants as 
being "dripping wet" when uncovered in the spring, 
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Table 3. Effect of mulching on winter burn sustained by container-grown 
evergreens evaluated on three separate observation dates. 
Mulching® 
treatment 
White 
Pine 
Scotch 
Pine 
Species 
Mean score^ 
Austrian 
. Pine 
Yew Juniper Mean 
First evaluation - March 17, 1979 
CON 5.3 2.4 4.0 3.0 1.4 3.2 
AGM 7.8 2.5 2.4 3.7 1.2 3.5 
BGM 2.3 1.6 1.3 1.1 1.0 1.5 
WTM 6.2 2.3 5.0 3.6 2.5 3.9 
MCF 1.4 1.1 1.0 1.1 1.3 1.2 
STM 1.3 1.2 1.1 1.2 1.1 1.2 
MEAN 4.1 1.8 2.5 2.3 1.4 
Second evaluation - June 1, 1979 
CON 6.8 2.8 3.4 5.0 1.1 3.8 
AGM 8.3 3.3 2.7 5.2 1.1 4.1 
BGM 3.4 1.8 1.5 2.7 1.5 2.2 
WTM 6.9 3.3 4.0 5.7 1.3 4.2 
MCF 1.7 1.3 1.1 1.1 1.1 1.3 
STM 2.6 3.1 1.6 2.6 1.2 2.2 
MEAN 5.0 2.6 2.4 3.7 1.2 
Third evaluation - June 30, 1979 
CON 4.3 2.1 2.6 6.0 1.4 3.3 
AGM 6.3 2.0 2.3 4.1 1.6 3.3 
BGM 2.6 1.4 1.3 2.6 2.3 2.0 
WTM 5.5 2.3 3.0 5.4 1.4 3.5 
MCF 1.3 1.0 1.0 1.0 1.4 1.1 
STM 1.6 2.3 1.3 3.3 1.6 2.0 
MEAN 3.6 1.8 1.9 3.7 1.6 
^Control, above ground corn cob mulch, below ground corn cob mulch, 
water mulch, Microfoam and straw mulch. 
''Data are averages of 16 plants using a rating system of 1-9, A 
score of 1 indicates no browning of needles and 9 represents 100 percent 
brown foliage. 
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Table 4. Orthogonal comparisons of mean scores for winter burn recorded 
on.three observation dates. 
Evaluation no. and date 
Comparison no. and^ Mean score 
mulching category First Second Third 
3/17/79 6/1/79 6/30/79 
Mulching treatment 
Ml Control (no mulch) Mulch 
3.2 
2.8 
** 3.8 
2.8 
** 3.3 
2.4 
** 
M2 Entire plant Root zone 
1.2 
3.8 
** 1.8 
3.5 
** 1.6 
2.9 
** 
M3 AGM (corn cobs above ground) BGM (corn cobs below ground) 
3.5 
1.5 
** 
4.1 
2.2 
** 3.3 
2.0 
** 
M4 Microfoam Straw 
1.2 
1.2 NS 
1.3 
2.2 
• 1.1 
2.0 
* 
M5 Corn cobs (both AGM and BGM) Water 
Species 
2.5 
3.9 
** 3.2 
4.2 
** 2.7 
3.5 
** 
SI Pine Non-pine 
2.8 
1.9 
** 3.3 
2.5 
** 2.4 
2.7 NS 
S2 5-Needle pine 2-rieedle pine 
4J1 
2.2 
** 
5.0 
2.5 
** 3.6 
1.9 
** 
S3 Scotch pine Austrian pine 
1.8 
2.5 
* 2.6 
2.4 NS 
1.8 
1.9 NS 
S4 Yew Juniper 
2.3 
1.4 
** 3.7 
1.2 
* 3.7 
1.6 
** 
^Comparison number 1s refererenced in Tables A1-A16. 
^Values calculated from means in Table 3. 
Single degree of freedom F test significant at the 5% level. 
Single degree of freedom F test significant at the 1% level. 
^^Not significant. 
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Corn cob mulches were superior to water mulch in preventing winter 
burn. Plants mulched by the below ground techniques (BGM) showed sig­
nificantly less injury than those mulched with corn cobs above ground 
(A6M), The high root zone temperatures recorded by plants overwintered 
by the BGM method (Table 1) is not thought to be a contributing factor 
in the low incidence of winter burn. Water mulch was also effective in 
maintaining relatively high temperatures but was ineffective in reducing 
foliar injury. Straw mulched plants recorded the lowest root zone tem­
peratures but sustained little foliar damage. The below ground corn cob 
method was effective probably because plant foliage was closer to the 
ground resulting In a deeper and more persistent snow cover. 
Species showed differences in their susceptibility to winter foliar 
injury, Overall, junipers sustained the least damage while white pines 
and yews sustained the most. No references have been found which direct­
ly compare winter burn susceptibility among evergreen species. There are 
reports, however, suggesting that Taxus foliage is more sensitive to cold 
injury than Pi nus foliage at very low temperatures, Taxus needles were 
shown to tolerate temperatures to -40°C (Zehnder and Lanphear, 1966) and 
Pi nus to -90°C (Parker, 1959). Since temperatures did not get that cold 
during the 1978-1979 winter, other factors must have been responsible. 
Because species show different tolerances to winter injury, it is 
not surprising that there were a number of species by mulch interactions. 
These are important when considering which mulching technique is most 
effective for overwintering a particular species of plant. For example, 
interaction N6 (M2 x S2) indicates that white pines are more sensitive 
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than Austrian or Scotch pines to having their foliage exposed to the en­
vironment during the over-wintering period. The values shown for Inter­
actions were calculated from Table 3. 
3/19/79 6/1/79 6/30/79 
5 n.p. 2 n.p, 5 n.p. 2 n,p. 5 n.p. 2 n.p. 
Entire plant 1.4 1.1 2.2 1.8 1.5 1.4 
mulched 
Root zone 5.4 2.5 6.2 2.8 4.8 2.0 
mulched 
There were also differences between yews and junipers when com­
pared under these conditions as shown by Interaction N8 (M2 x 34), 
6/1/79 6/30/79 
Yew Juniper Yew Juniper 
Entire plant mulched 1.9 1.2 2.2 1.5 
Root zone mulched 4.5 1.3 4.0 1.8 
Junipers responded similarly to both types of mulches whereas yews sus­
tained considerably more winter burn when treated with root zone type 
mulches. 
Yews and Junipers are also compared in interaction N16 (M4 x S4). 
Yew Juniper 
Microfoam 1.0 1.4 
Straw 3.3 1.6 
Yews stored under straw sustained considerably more Injury than those 
under Microfoam whereas junipers recorded limited winter burn under 
either method. 
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Interaction N19 (MS x S3) compared winter burn sustained under 
corn cobs and water for the 2-needle pines, 
6/30/79 
Scotch pine Austrian pine 
Corn cobs (both AGM and BGM) 2.1 1.9 
Water (IJTM) 2.3 5.0 
This Interaction reveals that Austrian pines were extremely sensitive to 
the water mulch technique, as compared to Scotch pines. 
Interaction N20 (M5 x S4) compared yews and junipers under the two 
categories of root-zone mulches. 
6/1/79 6/30/79 
Yew Juniper Yew Juniper 
Corn cobs (both types 4.0 1.3 3.4 2.0 
Water (WTM) 5.7 1.3 5.4 1.4 
Yews were also very sensitive to the water mulch as compared to 
junipers. 
Interaction N9 (M3 x SI) compares pines with non-pines stored under 
the conditions prescribed for treatments AGM and BGM. Treatment AGM con­
sisted of a corn cob mulch packed around plant containers above ground 
whereas BGM treated plants were overwintered with containers submerged 
in corn cob filled trenches. 
6/1/79 6/30/79 
Pine Non-pine Pine Non-pine 
AGM 4.8 3.2 3.5 2.9 
BGM 2.2 2.1 1.8 2.5 
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Pines were more sensitive to container placement above ground than were 
the non-pines. When only the pines are compared under these conditions 
(NIO (MS X S2)), it becomes apparent that white pines benefit much more 
from BGM storage than the 2-needle pines, 
3/19/79 6/1/79 6/30/79 
5 n,p. 2 n,p, 5 n.p, 2 n.p. 5 n.p. 2 n.p, 
AGM 7,8 2.5 8.3 3.0 6,3 2,2 
BGM 2.3 1.5 3.4 1.7 2.6 1.4 
Interaction N12 (M3 x S4) compares the non-pines under the two corn cob 
mulches. 
3/19/79 6/1/79 6/30/79 
Yew Juniper Yew Juniper Yew Juniper 
AGM 3,7 1.2 5.2 1.1 4.1 1.6 
BGM 1.1 1.0 2.7 1.5 2.6 2.3 
The first evaluation for this interaction suggests that yews are more 
sensitive than junipers with regard to container placement in corn cob 
mulches. Both showed more injury when containers were positioned above 
ground. Injury values obtained on the second and third evaluations in­
dicate inverse relationships when the two plant types are compared under 
the two mulching techniques. Yews mulched above ground sustained more in­
jury than yews mulched below ground while junipers mulched above ground 
showed less injury than their counterparts below ground. 
Overall I white pines and yews showed the most sensitivity to the 
mulching conditions. 
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Resumption of Spring Growth 
The values recorded for bud break under different mulching tech­
niques are similar (Table 5). Orthogonal comparisons revealed no sig­
nificant differences in the mean counts (Table 6). Species differences, 
however» were recorded. Five-needle pines had significantly fewer buds 
initiating growth per branch than 2-needle pines. A comparison of the 
2-needle pines showed that Scotch pine had a larger number of buds 
breaking per branch than the Austrian pine. 
The one interaction for bud break was Nil (M3 x S3). The values for 
this interaction were extracted from Table 5. 
Scotch pine Austrian pine 
AGM (Corn cobs) 4.1 1.9 
BGy (corn cobs) 3.4 2.1 
Bud break increased in Scotch pines overwintered by treatment AGM but 
decreased in Austrian pines. 
Mulching was important to length of new shoots initiated in the 
spring (Tables 5 and 6). Mulched plant shoots averaged 2.3-cm longer than 
non-mulched shoots. Plants entirely covered with mulch produced more 
growth than those receiving only a root zone mulch. Plants stored under 
Microfoam initiated longer shoots than those stored under straw. Water 
mulched plants produced less growth than corn cob treated plants, A com­
parison of the two corn cob mulches indicates that the below ground place­
ment of containers allows for more spring growth than the above ground 
mulching technique. Overall, the below ground corn cob treatment and 
Microfoam overwintered plants showed the longest shoot growth the follow­
ing spring with the non-mulched controls showing the least. 
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Table 5, Effect of mulching treatment on bud break and length of new 
shoots for selected species of container-grown evergreens. 
Species 
Mulching White Scotch Austrian Yew Mean 
treatment pine pine pine 
Mean bud break per branch'^ 
CON 1,6 3,1 1,9 2,2 
ABM 1,5 4,1 1,9 - 2,5 
BGM 1.7 3,4 2,1 - 2,4 
WTM 1,4 3,4 1,7 - 2.1 
MCF 1,8 3,3 2,0 - 2.3 
STM 1,5 2,7 1,7 - 2.0 
MEAN 1,6 3,3 1,9 -
Mean spring shoot length of longest terminal^ 
cm 
CON 6,0 14,4 7,7 0.9 7.3 
ABM 3,6 17,1 9,5 2.7 8.2 
BGM 7,6 20,1 12,9 3.5 11.0 
WTM 5.0 17,5 9.6 2.4 8,6 
MCF 8,0 20,3 11.1 5,9 11,3 
STM 9,1 16,0 9.0 2,3 9,1 
MEAN 6,6 17.6 10.0 3,0 
^Control, above ground corn cob mulch, below ground corn cob mulch, 
water mulch, Microfoam, and straw mulch 
^Data are averages of 12 plants per treatment, collected on June 1, 
1979. 
''Data are averages of 16 plants per treatment, collected on June 13, 
1979, 
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labile 6, Orthogonal comparisons of mean values for bud break and shoot 
growth. 
Comparison no. and* Bud break^ Shoot growth 
category of mulching treatment no,/branch cm 
- Mulching treatment -
Ml Control Mulch 
2.2 
2.3 NS 
7.3 
9.6 
** 
M2 Entire plant Root zone 
2.2 
2.3 NS 
10.2 
9.3 
** 
M3 AGM (corn cobs above ground) 2.5 NS 8.2 ** 
BGM (corn cobs below ground) 2.4 11.0 
M4 Microfoam Straw 
2.3 
2.0 NS 
11.3 
9.1 
** 
MS Corn cobs (both AGM and BGM) Water 
- Species 
2.5 
2.1 NS 
9.6 
8.6 
** 
SI Pine Non-pine 
11.4 
3.0 
** 
S2 5-needle pine 2-needle pine 
1.6 
2.6 
•kit 6.6 
13.8 
** 
S3 Scotch pine Austrian pine 
3.3 
1.9 
** 17.6 
10.0 
** 
^Comparison number is referenced in Tables A1-A16, 
'^Values calculated from means in Table 5. 
Single degree of F test significant at the 51 level. 
^ ^ N o t  s i g n i f i c a n t ;  >  " '  
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Species differences were also observed for shoot length (Table 6), 
Two-needle pines had higher mean values than 5-needle pines with Scotch 
pine recording higher values than Austrian. 
One significant interaction was found for this variable. N6 
CM2 X S2) compared the two categories of pine under 2 conditions of 
mulching (values calculated from Table 5), 
5-needle pine 2-needle pine 
Entire plant mulched 8,6 14.1 
Root zone mulched 5.4 14.5 
Five needle pines responded more to entire plant mulching than 2-
needle pines. In fact, 2-needle pines showed a slight decrease in shoot 
length while 5-needle pines recorded a large increase. 
Root Viability 
Ninhydrin test results suggest that the mulching technique has little 
Influence on the level of ninhydrin reactive compounds present in root 
tissue (Table 7), There was a difference in levels between mulched and 
unmulched plants, however (Table 9), The significant difference re­
corded for comparison M3 was due primarily to yews overwintered by BGM. 
Yews also recorded high values when overwintered under Microfoam. These 
and other species differences are tabulated in Table 9 and expressed 
in several interactions (Table A12), 
The overall similarity in the levels of ninhydrin reactive sub­
stances found in plants overwintered by the various mulching methods may 
be interpreted in two ways: (1) the added snow cover negated the 
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Table 7. Effect of mulching technique on the amount of ninhydrin reac­
tive compounds in boiled root extracts of container-grown 
evergreens. 
Species 
Ninhydrin reactive compounds (mg/g fr, wt.) 
Mulching 
treatment 
White 
pine 
Scotch 
pine 
Austrian 
pine 
Yew Juniper Mean 
CON 0,31 0.17 0,17 0,22 0,22 0.22 
AGM 0,36 0,21 0,23 0,47 0.25 " 0.30 
BGM 0,31 0,19 0,25 1,45 0.27 0.50 
WTM 0,31 0,25 0,31 0,30 0.54 0.34 
MCF 0.38 0,22 0.18 0,74 0.28 0.36 
STM 0,42 0,23 0,26 0.32 0.37 0.32 
MEAN 0.35 0.21 0,23 0,58 0.32 
^Control, above ground corn cob mulch, below ground corn cob mulch, 
water mulch, Microfoam, and straw mulch, 
''Data are averages of 4 plants with values expressed as amino acid 
equivalents. 
influence of mulching on root protection; or (2) the modified ninhydrin 
text procedure used in this investigation was not a good indicator of root 
viability. It is thought that the second interpretation is more plausi­
ble since relatively large differences were recorded in mean root zone 
temperatures due to be effects of mulching (Table 1), Minimum tempera­
tures attained were in the range that Havis (1976) considered to be lethal 
for some plant roots. The fact that sugar levels in root tissue follow 
the same general pattern as root zone temperatures also adds credence to 
the second interpretation. High values of sugars tend to correlate rather 
closely (correlation not tested statistically) with high temperature 
values. 
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A comparison of the sugar determinations indicates that the amount 
of reducing sugars found in the leachate of boiled root tissue is a 
better measure of root viability than the other assays made for liberated 
organic compounds (due to more significant differences as seen in Table 
9). Using relative reducing sugar levels as the criteria for determining 
the relative viability of root tissue, differences due to mulches can be 
discussed. 
Mulched plants generally had less root injury than controls. Water 
mulch, which was ineffective in protecting plant foliage from winter in­
jury was very effective in root protection. In fact, the largest reduc­
ing sugar levels were observed in water mulch treated plants. Plants 
stored by the below ground corn cob mulch had less pobt Injury 
than plants stored by corn cobs above ground. Considering the entire 
plant mulches, Microfoam was superior to straw in root protection. Over­
all: Microfoam, below ground corn cobs, and water mulch did the best 
job in root protection. 
Species differences were significant but not necessarily relevant 
to root viability. Individual glucose levels present in root samples 
are simply indicative of that particular species. They may be important, 
however, in determining the state of hardiness if they were to be com­
pared to other plants which were not acclimated. 
The uptake experiment was used to evaluate root viability by 
measuring the respiration rate of plant root segments. It was antici­
pated that the results would correlate with those of ninhydrin reactive 
substances and sugars. Unfortunately the mean differences were not 
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statistically significant at the .05 level (Table 11). The trends are 
ImportantI however, In that the BGM treated plants had the highest counts 
per minute. This Indicates that they had the highest respiration rate 
and were the least Injured. The trend also holds for the CON and STM 
treated plants which registered the lowest counts per minute. It should 
be noted that these two mulching systems recorded the lowest root zone 
temperatures and are where the most injury would be expected. 
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Table 8, Effect of mulching treatment on the sugar content of boiled 
root extracts from five species of container-grown evergreens. 
Mulching 
treatment 
White 
pine 
Scotch 
pihe 
Species 
Austrian 
pine 
Yew Juniper Mean 
Soluble Sugars mg/g fr. wt.^ 
CON 11.63 9.93 16.20 2.45 9.05 9,85 
AGM 13.28 12.98 14.65 8,75 10.33 12,00 
BGM 15.98 12.40 16.85 9,30 17.30 14.32 
WTM 15.75 17.95 22.75 10,10 15.85 16,48 
MCF 15.68 15.05 20.58 12.75 14.25 15,66 
STM 14.60 10.68 18,08 2.93 15.38 12,33 
MEAN 14.48 13.16 18.18 7.71 13.69 
Reduci ng sugars (mg/g fr. wt.) b 
CON 5,40 4.68 7.48 1.85 4,88 4,86 
AGM 6.58 5.78 7.38 5.05 4.23 5,78 
BGM 7,80 6.10 7.95 5.23 8.78 7,17 
WTM 8.15 8.43 10.50 5.43 7.70 8.04 
MCF 7.63 7.13 9.93 6.95 7.40 7,81 
STM 6.60 4.80 6.03 2.48 7.55 5.49 
MEAN 7.01 6.15 8.21 4.50 6.75 
Sucrose (mg/g fr. wt.)^ 
CON 6.23 5.25 8.73 0.60 4.18 5.00 
AGM 6.80 7.20 7.28 3.70 6.10 6.22 
BGM 8.18 6.30 8,90 4.08 8.53 7.20 
WTM 7.60 9.53 12,25 4.68 8,15 8.44 
MCF 8.05 7.93 10,65 5.80 6,85 7.86 
STM 8.00 5.88 12,05 0.45 7,83 6.84 
MEAN 7.48 7.01 9,98 3.22 6,94 
^Control, above ground corn cob mulch, below ground corn cob mulch, 
water mulch, Microfoam and straw mulch. 
^bata are averages of 4 plants with values expressed as mg of 
glucose equivalent per gram of fresh weight. 
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Table 9. Orthogonal comparisons of mean values obtained for the nin-
hydrin test and soluble sugar determinations, 
Comparison number 
and mulching category 
Ninhydrin Soluble Reducing 
test . sugars sugar u 
mg/g fr. wt. mg/g fr. wt, -
Sucrose 
Ml Control (no mulch) 
Mulch 
- Mulching treatment -
0.22** 
0.36 
9 *85** 
14.17 
4*86** 
6.86 
5.00** 
7.31 
wp Entire plant 
Root zone 
wg Corn cobs (above ground) 
Corn cobs [below ground) 
MA Entire plant (Microfoam) 
Entire plant (straw) 
,,c Root zone (corn cobs) 
Root zone (water) 
SI Pine Non-pine 
52 5-needle pine 
2-needle pine 
-3 Scotch pine 
Austrian pine 
S4 Yew Juniper 
0*34 
0*38 NS 
14.00 
14.28 NS 
6.65 
7.00 NS 
7.35 
7.29 
5,78* 
7.17 
6.22, 
7.20' 
15.66* 
12.33 
7.81** 
5.49 
7.86, 
6.84' 
o°:> 13.19* 16.48 I'M** 6.71, 8.44 
- Species -
0.26** 
0.45 l : l l -
8.16, 
5.08 
0.35** 
0i22 7:> 
7.48, 
8.50 
®»21NS 
0.23^^ 
13.16** 
18.18 
6.15** 
8.21 
7.01, 
9.98 
0*58** 
0*32 
7.71** 
13.69 
4.50** 
6.75 
3.22, 
6.94 
NS 
NS 
NS 
NS 
** 
** 
The data used for these orthogonal comparison were extracted from 
Tables 7 and 8* 
Comparison shows categories of mulch used to overwinter 5 species 
of container-grown evergreens. 
** 
Single degree of freedom F test significant at the 0.05 level. 
Single degree of freedom F test significant at the 0,01 level. 
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Table 10. Effect of mulching treatment on the respiration of Austrian 
pine root segments. Respiration was determined by incuba­
tion of roots in a solution containing labeled glucose 
(CHO-CH2Û-CH2O-CH2O-CH2O-CH2OH), and measuring radioactivity 
of the resulting carbon dioxide. 
Mulching* Austrian Pine 
treatment CPM x loVg wt.^ 
CON 246 
A6M 325 
BGM 373 
WTM 290 
MCF 288 
STM 262 
^Control, above ground corn cob mulch, below ground corn cob imilch, 
water mulch, Mlcrofoam, straw mulch. 
'^Values represent the average of 4 plants per treatment. 
Table 11. Orthogonal comparisons of mean values obtained for respiration 
determinations.a 
Comparison Austrian Pine 
CPM X 10^/g fr. wt. 
VI No mulch 
Mulch 
246 . 
307 
M2 Cover 
Non-cover 
275 + 
329 * 
Corn cobs (above ground) 
Corn cobs (below ground 
325 
373 
Cover (Mlcrofoam) 
Cover (straw) 
288 
262 
Mg Non-cover (corn cobs) 
Non-cover (water) 
349 
290 
*The data used for these orthogonal comparisons were extracted 
from Table 10. 
^Single degree of freedom F test significant at the 10% level. 
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PART II. THE EFFECTS OF ANTITRANSPIRANTS ON THE PREVENTION OF WINTER 
DESICCATION OF CONTAINER-GROWN EVERGREENS AND A SCANNING 
ELECTRON MICROSCOPIC EVALUATION OF THEIR PERFORMANCE 
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INTRODUCTION 
Antitranspirants are chemical agents capable of reducing the loss of 
water through the lenticels, stomata, and epidermis of various plant 
organs. There are three main types, classified on the basis of mode of 
action. These are described by Davenport et al, (1969b) as: (1) re­
flecting materials which decrease the heat load; (2) film-forming mater­
ials that hinder the escape of water vapor; and (3) stomatal-closing 
compounds that increase stomatal diffusive resistance. The ability to 
reduce transpiration is considered to be advantageous when preparing 
plants for cold storage, during the process of vegetative propagation by 
means of cuttings, in the prevention of winter desiccation, and in the 
reduction of transplanting shock. The greatest amount of antitranspirant 
research reported in the literature is concerned with the film-forming 
types. Gale (1961) describes the ideal antitranspirant as, "... a sub­
stance which could be easily applied as a non-phytotoxic spray, would 
form a continuous film on the leaf surface, impermeable to water vapour 
but allowing diffusion of COg arid Og, would be resistant to weathering — 
particularly to the destructive effects of intense insolation and micro­
organisms — and finally would be Inexpensive." To date there has been 
no substance produced that has all of the properties desired by Gale, 
There are, however, numerous products on the market which are purported 
to be highly effective in the reduction of transpiration. 
Film-forming antitranspirants are generally formulations of latex, 
plastics, silicones, polyterpenes, natural waxes or alcohols of high 
molecular weights (Martin, 1974), Some of the coatings used earlier 
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consisted of corn coH (Emerson and Hlldreth, 1933), rubber and wax, 
(Shirley and MeUTtv- 1938) and emulsified lanolin and commercial paraffin 
wax (Marshall and Maki, 1946). These materials were applied to conif­
erous seedlings to increase transplanting percentages. The corn oil 
was later discovered to cause foliage injury and the rubber and wax did 
not increase survival. Marshall and Maki (1946) showed that pine seed­
lings dipped in lanolin or wax transpired forty percent less water than 
untreated seedlings over a four-day period. Latex was shovm to signif­
icantly reduce transpiration of potted orange trees over a twenty day 
period (Malcolm and Stolzy, 1968). They concluded that antitranspirants 
reduced transpiration by completely covering stomata or reducing stomatal 
pore size. 
Heinlein and Haigh (1971) reported that silicone emulsions were 
effective antitranspirants because they were: non-toxic, permeable to 
oxygen and carbon dioxide, self-spreading, and did not interfere with 
light transmission. Their results indicated that for most conifer and 
broadleaf plants, maximum reduction in transpiration could be achieved 
with emulsions containing less than 5 percent silicone. Preliminary 
studies by these investigators showed no signs of stunting or effects on 
major metabolic pathways. In a later publication, the authors reported, 
however, that bean and pea plants treated with silicone showed inhibited 
photosynthesis and overall growth and yield were stimulated (Heinlein and 
Haigh, 1972). They concluded that treated plants maintained a higher 
water content than untreated plants. In 1973, Haigh and Heinlein sug­
gested that silicone antitranspirants act on the mesophyll below the 
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stomata! aperture to prevent evaporation of water into the stomatal 
chamber. Plastic coverings, however, are thought to control transpiration 
by plugging the stomata and covering the cuticle, thereby making the 
entire plant surface less permeable to water. 
Most investigations support the hypothesis that film antitranspirants 
slow growth by reducing photosynthesis and favor growth by increasing 
water potential (Gale and Poljakoff-Mayber, 1967; Bravdo, 1972; Davenport 
et al,, 1973), Photosynthesis is reduced because film antitranspirants 
have been shown to be more permeable to water vapor than to carbon 
dioxide (Gale and Poljakoff-Mayber, 1967; Davenport et al,, 1974; 
Davies and Kozlowski, 1975; Safe, 1976), Wool ley (1967) measured the per­
meabilities of several types of plastic-like films, some of which con­
tained compounds similar to those found in antitranspirants. He found 
that none had a carbon dioxide permeability as great as their water per­
meability. This suggests that if a material can be applied with suffi­
cient coverage to restrict water vapor movement, then there will be 
an even greater restriction of carbon dioxide passage which may ultimately 
lower the photosynthetic rate. 
Gale et al. (1966) reported that the application of a polyethylene 
based emulsion to pine seedling transplants, under hot dry field condi­
tions, did not improve water balance or reduce mortality rates. They con­
cluded that antitranspirants would be advantageous for xeromorphic plants 
only under moist soil and high evaporative demand conditions. McDaniel 
and Bresenham (1978) reported that foliar applications of Clear Spray 
(latex of pure acrylic polymer) and Vapor Gard (di-l-£-menthene) were 
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effective in reducing plant water stress in Cineraria for a period of 4 
weeks. Davenport et al. (1972b) found that spraying 7-year old citrus 
trees with film type antitranspirants before transplanting increased 
water potential thereby reducing transplant shock. They used three dif­
ferent formulations in the study: Vapor Gard, Mobileaf (a wax emulsion), 
and CS-6432 (a wax-latex emulsion). Davenport et al. (1972a) observed 
stomata of treated plants to be open wider than those of control plants 
because of the increased water potential in the leaf. These wider aper­
tures were seen in stomata not covered by the film as well as those im­
mediately beneath the film layer. 
These results suggest that film-type antitranspirants which are 
judiciously applied will reduce transpiration, at least temporarily. 
Photosynthesis may also be reduced as a result of the permeability 
characteristics of most films. Whether or not the overall effect will be 
beneficial to the plant depends upon what is most limiting at the time. 
The primary interest in antitranspirants for this study was their 
potential ability to reduce winter desiccation by inhibiting transpiration-
al water loss. Carbon droxtde to water permeability ratios are not 
thought to be of any consequence during the overwintering period of con­
tainer-grown plant materials. The only properties that appear to be im­
portant are the following: (1) the antitranspirant film is relatively im­
permeable to water vapor; (2) the film is tenacious enough to last through 
the overwintering period; and (3) the formulation is not phytotoxic. 
Winter injury in evergreen foliage is evidenced by a gradual chloro-
tic yellowing eventually turning brown. Kramer and Kozlowski (1960) 
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attributed this tissue browning to the effect of desiccation, brought 
about by an unfavorable water balance within the plant. During winter, 
especially on sunny and windy days when the soil is cold or frozen, ab­
sorption through the roots Is insufficient to replace transpirational 
losses. It Is possible, however, that winter burn is caused by other 
factor(s). This question was addressed in a study by White and Weiser 
(1964). They found no relationship betv/een foliage moisture and the 
amount of winter burn in arborvitae. Temperatures as low as -87°C 
did not Injure the arborvitae foliage if cooled slowly. Rapid changes, 
however, similar to those occurring on the southwest side of the plant 
at sunset killed foliage. The rate of temperature fluctuation was cal­
culated to be approximately 8°C per minute. The authors concluded from 
their study that the prime cause of winter burn in arborvitae in 
Minnesota was the rapid fall of temperature rather than the degree of 
cold. Severe browning and defoliation on the southwestern exposure of 
spruce, pine, and hemlock trees had also been observed earlier by Curry 
and Church (1952) In the Adirondacks. 
Few investigations in the literature are concerned with the ef­
fectiveness of antitranspirants in the prevention of winter burn. 
Schroeder (1977) concluded from a study of overwintering practices com­
bining antitranspirants and poly house storage that Vapor Gard was effec 
tive in preventing injury for many deciduous plants and selected ever­
greens. Still (1976) determined that Vapor Gard, Exhalt 4-10 (a mixture 
of polyterpenes and polyethylenes), and Foilcote (a hydrocarbon wax), 
were equal to or better than Wllt-Pruf in reducing the winter burn of 
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Ilex foliage.In Kansas. Smith (1964) concluded from a study In Ohio 
using FoH-Gard and Wilt-Pruf that protection from winter desiccation 
varied using species of Rhododendron, Ilex, Taxus, and Hedera. He 
found that 2 applications of antitranspirant during the winter appeared 
to be superior to one and more than 2 may be advantageous for certain 
species. 
Results obtained from a preliminary study in Iowa (winter, 1977-
1978) showed no differences in winter burn when control plants were com­
pared with plants treated with antitranspirants. The Investigation in­
cluded several species of container-grown pine and junipers. The anti-
transpirants tested were Wilt-Pruf» Vapor Gard and Exhalt 4-10, 
Assuming that film-type antitranspirants are effective in the re­
duction of plant desiccation, there is a question about the period of 
time the compounds will remain contiguous and in place, Kreith et al. 
(1975) found, in a study using tobacco plants, that film-forming anti-
transpirants were effective in reducing transpiration by 50 - 65 percent 
of the untreated controls, but that the effect was short lived. They 
concluded that, under normal conditions, commercially available anti-
transpirants are not effective for a long enough period to be economical. 
Hall and Whitcomb (1976) tested Foil-Gard, Wilt-Pruf and Vapor Gard for 
effectiveness in reducing water loss while rooting cuttings. Their re­
sults indicated that antitranspirants were not practical under the low 
humidity conditions characteristic of Oklahoma. They observed the anti-
transpirant film to crack and split within 2 or 3 days after exposure to 
drying wind, A similar study conducted earlier in Florida by the same 
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researchers showed the films to be longer lasting and more effective. 
They attributed this difference to the more humid conditions prevalent 
in Florida. 
Albrigo (1972) found that Vapor Gard deteriorated only minimally dur­
ing a 6 month study in Florida. He reported that six months after appli­
cation, there was 40 to 134 percent more epicuticular material on orange 
tree leaves than untreated controls depending upon the initial formula­
tion of the spray. 
Davies and Kozlowski (1974) studied the effects of 8 selected anti-
transpirants on Fraxinus americana and Pi nus resinosa. Three of the 
materials tested, Keykote, Folicote, and Wilt-Pruf resulted in a reduc­
tion in photosynthesis and transpiration for a period of 8 days, SEM 
observations of the antitranspirants on the plant tissue indicated that 
the film cracked over the stomata, which reduced effectiveness. It was 
also noted that the antitranspirant appeared to combine with wax in the 
stomata1 pore which temporarily reduced water loss by forming an imper­
meable plug. The authors concluded that overall, antitranspirant effec­
tiveness with regard to transpiration and photosynthesis is very de­
pendent upon the plant species and its environment at the time of testing. 
Fisher and Lyon (1972) used a different technique to observe the 
presence of film type antitranspirants under the scanning electron micro­
scope. They incorporated a marker dye with the antitranspirant which' 
could be detected by the microscope when in the cathodoluminescent mode. 
This technique could be useful in determining the extent of coverage, the 
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relative thickness of the film layer, and its rate of deterioration with 
periodic observations over time. 
Non-film type antitranspirants have been found to be somewhat tem­
porary in their overall effectiveness. Davenport (1967).sreported the 
effects of foliar sprays of dodecenylsuccinic acid (DSA) and phenyl-
mercurlc acetate (PMA) used as antitranspirants on Festula rubra. He ob­
served the greatest reduction in transpiration occurred within 2 days 
and the effects lasted only about 3 weeks. He concluded that the future 
utility of metabolic inhibitors as antitranspirants would not be hampered 
so much by the cost of chemicals, but by the frequent application and dif­
ficulty of obtaining satisfactory coverage. In a later study, Davenport 
et al. (1971) reported that PMA reduced transpiration by preventing com­
plete stomata1 opening. It was also observed that the PMA retarded com­
plete closure, but the overall effect was a reduction in transpiration. 
Kozlowski and Clausen (1970) found no beneficial effect of DSA on 
Pi nus resinosa. On the contrary, they found percent moisture content of 
current-year needles significantly lower 10 days after treatment. Toxic 
Injury occurred as quickly as 2 hours after applications in some needles. 
Other stomata1 closing compounds which have been proven to be ineffective 
or impractical are abscisic acid (Davies and Kozlowski, 1975), damino-
zide (Orton and Mansfield, 1976), and monoglycerol ester of n-decenyl suc­
cinic acid (Krelth et al., 1975). 
Patll and De (1976) examined the effectiveness of the following 3 
principle types of ant1transpirants: reflective; film covering; and 
stomatal closing; alone and in combination. They found that the 
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relative water content of leaves v;as reduced by low soil moisture but was 
increased by the presence of any one of the antitranspirant types. They 
concluded that all of the antitranspirants were effective in reducing 
transpiration during a 2 week period. At the end of 3 weeks the effect 
was found to be almost negligible. They observed that the wax based, 
film type lasted longer than the stomatal closing dSA, whereas kaolinite 
(reflecting material) v/as effective for only two weeks. It was further 
noted that PMA could not be recommended for field use because of its mer­
cury content and additional work was needed with kaolinite before it 
could be considered an effective antitranspirant under field conditions. 
There is one other reported study investigating the effectiveness of a 
reflective type antitranspirant, Khaléd (1970) found that kaolinite 
decreased the leaf temperature by reducing the energy input, presumably 
by reflection. It was also observed that transpiration was reduced more 
than photosynthesis at high radiation levels in species which are normal­
ly light saturated at low light Intensities, 
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MATERIALS AND METHODS 
Antitranspirant Application 
The antitranspirants used in this investigation are film forming 
types available commercially under the trade names of Wilt-Pruf, Exhalt 
4-10, and Vapor Gard, The labels for Wilt-Pruf and Vapor Gard list the 
same compound as their active ingredient. Technical information**^ sup­
plied by the manufacturers of these antitranspirants describe the com­
pound as, "... a low molecular weight, Lewis acid catalyzed polymer of 
B-pinene, one of the major constituents of pine oil. It is chemically 
di-l-£-Menthene. It has tivo sub-units in the polymer for a molecular 
weight of 274." Foxlyn Laboratories, Spring Lake, New Jersey, has regis­
tered the trade mark, Pinolene, for di-l-£-Menthene when manufactured by 
their patented method.^ 
Exhalt 4-10 is described as, "... a homogeneous intermixture of 
emulsifiable oxidized polyethylenes having molecular weights in the range 
of from about 1000 to about 3400 and selected constituted polyterpenes 
having molecular weights in the range of from about 270 to about 1800 
for dilutable ambient temperature controllable application to plants to 
form long lived protective films of determinable thickness..," (Kesslin, 
1977). 
The antitranspirants were mixed according to the manufacturers 
directions and applied with a Hudson hydra-gun sprayer, model number 
^Wilt-Pruf technical information. Nursery Specialty Products, 
Greenwich, Conn. 
^Pinolene technical information. Miller Chemical & Fertilizer Corp., 
Hanover, Penn. 1969. 
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6419. The material was sprayed on the upper and lower surfaces of the 
foliage to runoff. The date of application was November 10, 1978. The 
plants were allowed to dry prior to placement in the field. 
Winter Burn Evaluation 
The ratings described for evaluating the effects of mulching tech­
niques (Part I) on winter burn were also used to test the effectiveness 
of the various antitranspirant compounds. 
The growth measurements described for evaluating the effects of 
mulching techniques (Part I) on resumption of spring growth were also 
used to test the effectiveness of the various antitranspirant compounds. 
Scanning Electron Microscopy 
Needles of Austrian pine were collected periodically from the over­
wintering site beginning November 17, 1978 for SEM, Each needle was 
trimmed at each side so that only a 5-tmi long median section remained. 
The needle segment was mounted on a stub and coated with a standard 
carbon rod and 23 cm of 8 mil gold wire in a Varian VE-20M vacuum evapor­
ator. Needles were stored in a desiccator prior to viewing in a JEOL 
35 SEM. 
Comparison of Treatment Means 
Orthogonal comparisons-were set up using the coefficients tabulated 
in Table A5 for partitioning the antitranspirant treatment sums of 
squares. The comparisons for antitranspirants go from general categories 
to specific categories as diagrammed below. 
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Antitranspirant treatment 
(Al) No antitranspirant antitranspirant 
(A2) Non-pinolene pinolene 
(A3) Wilt-Pruf Vapor Gard 
All possible interactions between the main effects of antitranspirant and 
species were tested. The interactions and the main effects contrasted 
are shown below. 
N21 
N22 
N23 
N24 
N25 
N26 
A1 
A1 
A1 
A1 
A2 
A2 
51 
52 
53 
54 
51 
52 
N27 
N28 
N29 
N30 
N31 
N32 
A2 
A2 
A3 
A3 
A3 
A3 
53 
54 
51 
52 
53 
54 
Main effect comparisons and interactions were tested by a single degree 
of freedom F test for significance. Species coefficients and categories 
are listed in Table A4. 
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RESULTS AND DISCUSSION 
Incidence of Winter Burn 
Results of this Investigation indicate that antitranspirants are 
not only ineffective in reducing winter burn, but may actually increase 
it (Tables 12 and 13). Non-treated controls exhibited significantly 
less injury than treated plants during the 3 evaluations. Plants treated 
with Wilt-Pruf and Vapor Gard sustained the most damage while those 
treated with Exhalt 4-10 were similar to control plants. 
Species by antitranspirant interactions suggest that white pine and 
Scotch pine are most effected by Pinolene antitranspirants: 
Interaction N26 (A2 x S2) (Data from Table 12). 
3/17/79 
5-needle pines 2-needle pines 
Non-Pinolene 3.4 2.2 
Pinolene 4.4 2.4 
Interaction N27 (A2 x S3) (Data from Table 12). 
3/17/79 6/1/79 
Scotch Austrian Scotch Austrian 
pine pine pine pine 
Non-Pinolene 1.6 2.7 1.9 2.4 
Pinolene 2.2 2.6 3.3 2.6 
Yews appeared to be especially sensitive to Wilt-Pruf: 
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Table 12. Effect of antitranspirant treatment on amount of winter burn 
sustained by foliage as determined on three different evalua­
tion dates. 
AT treatment Speci es 
Mean Score 
Whi te Scotch Austrian Yew Juniper Mean 
pine pine pine 
First Evaluation - March 17, 1979 
Control 4.1 1.4 2.1 2.2 1.3 2.2 
Exhalt 4-10 3.4 1.6 2.7 2.5 1.4 2.3 
Wilt-Pruf 4.5 2.3 2.6 2.6 1.4 2.7 
Vapor Gard 4.3 2.1 2.5 1.8 1.5 2.4 
Mean 4.1 1.8 2.5 2.3 1.4 
Second Evaluation -' June 1, 1979 
Control 5.0 1*9 2.0 3.2 1.1 2.6 
Exhalt 4-10 4.5 1.9 2.4 3.8 1.0 2.7 
Wilt-Pruf 5.4 3.6 2.7 3.9 1.2 3.4 
Vapor Gard 5.0 3.0 2.5 4.0 1.5 3.2 
Mean 5.0 2.6 2.4 3.7 1.2 
Third Evaluation - June 30 , 1979 
Control 3.2 1.4 1.6 3.0 1.5 2.1 
Exhalt 4-10 3.0 1.4 1.9 3.5 1.6 2.3 
Wilt-Pruf 4.0 2.5 2.3 4.5 1.5 3.0 
Vapor Gard 4.2 2.0 1.9 4.0 1.8 2.8 
Mean 3.6 1.8 1.9 3.7 1.6 
Data are averages of 16 plants using a rating system of 1-9, A 
score of 1 indicates no browning of foliage and a score of 9 represents 
100% of the "foliage was brown. 
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Table 13. Orthogonal comparisons of mean scores of winter burn recorded 
on three different evaluation dates.a 
Evaluation number and date 
Comparison no. 
and AT category First Eval. 
3/17/79 
Second Eval. 
6/1/79 
Mean score 
Third Eval. 
6/30/79 
No antitranspirant 
Antitranspirant (AT) 
2.2 * 
2.5 
2.6 * 
3.1 
2.1 
2.7 
** 
Non-pinolene AT 
Pinolene AT 'd* 
2.7 * 
3.3 
2.3 
2.9 
** 
A- Wilt-Pruf (Pinolene) 
Vapor Gard (Pinolene) Ia "S "s 
3.0 
2.8 NS 
Data are averages of values taken from Table 12. 
** 
Single degree of freedom F test significant at the 5% level. 
Single degree of freedom F test significant at the 1% level. 
NS Not significant. 
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Irttéractiùrt N32 CA3 X $4) (Data from Table 12) 
Yews Junipers 
Wnt -Pruf 2.6 1.4 
Vapor Gard 1.8 1.5 
Resumption of Spring Growth 
Bud break was not affected by antitranspirant application (Tables 
14 and 15 ). Shoot growth was Influenced by Exhalt 4-10, especially 
in Scotch pine: 
Interaction N27 (A2 x S3) (Data from Table 14) 
Scotch Pine Austrian Pine 
Non-pinolene 20.4 10.9 
Pinolene 16.6 10,5 
This extraordinary increase in growth for Scotch pine is difficult to 
explain. There are no reports of film type antitranspirants exhibiting 
growth regulating properties. The increase in growth may have been coin­
cidental, but white pine treated with Exhalt 4-10 also showed a slight in­
crease in growth when compared to other treatments. 
Scanning Electron Microscopic Examination 
The overall appearance of an Austrian pine needle, as observed by 
SEM, resembles a half cylinder (Fig. 6). Stomata are arranged in rows on 
the abaxlal surface which traverse the longitudinal axis of the needle. 
Interspersed between these stomatal rows are small ridges, representing 
sclerenchyma fibers in the epidermis. The adaxial surface is similar. 
90 
Table 14, Effect of antitranspirant treatment on bud break and length of 
longest shoot for selected species of container grown ever­
greens. 
Species 
AT 
treatment 
White 
pine 
Scotch 
pine 
M 1 
Austrian 
pine 
Yew Mean 
Mean bud break/branch^ 
Control 1.6 3.2 1.9 2.2 
Exhalt 4-10 1.6 3.1 1.7 2.2 
Wilt-Pruf 1.4 3.3 1.9 2.2 
Vapor Gard 1.8 3.7 2.0 2.5 
Mean 1.6 3.3 1.9 
Mean length of longest new shoot^ 
Control 6.6 16.8 8.0 3.6 8.8 
Exhalt 4-10 8.3 20.4 10.9 3.5 10.8 
Wilt-Pruf 5.7 16.4 10.4 2.0 8.6 
Vapor Gard 5.6 16.7 10.6 2.6 8.9 
Mean 6.6 17.6 10.1 3.0 
Data are averages of 24 plants per treatment and were obtained by 
dividing the number of buds initiating growth by the number of branches. 
The counts were made on June 1, 1979. 
^bata are averages of 24 plants per treatment and were obtained by 
measuring the length of the longest shoot initiated Spring, 1979 as of 
June 13, 1979. 
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Table 15, Orthogonal comparisons of mean values for bud break and length 
of longest shoot,& 
Comparison no. Bud break Spring growth 
and category No,/Branch cm 
No antitranspirant 
Antitranspirant 
2,2 
2.3 NS 
8,8 
9,4 NS 
«« Non-pinolene AT 
Pinolene AT 
2.2 
2.4 NS 
10.8 
8,8 
** 
AC Wilt-Pruf (Pinolene) 
Vapor Gard (Pinolene) 
2.2 
2,5 NS 
8.6 
8.9 NS 
*Data are averages of values taken from Table 14:, 
* 
Single degree of freedom F test significant at the .05 level. 
irk 
Single degree of freedom F test significant at the .01 level. 
^^Mot significant. 
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The first microscopic evaluation of antitranspirant film coverage was 
made on November 17» 1979. Needles selected from untreated control plants 
had a rougher overall appearance with natural wax accumulations along the 
sclerenchyma ridges, and in the upper stomatal cavities (Fig, 7). Wilt-
Pruf appeared as a very smooth film, covering the entire surface of the 
needle (Fig, 8), Antitranspirant deposits were observed inside the 
stomatal cavity# Immediately above the guard cells, Exhalt 4-10 ap­
peared as a thinner coat over the epidermis and stomata (Fig, 9), Natural 
wax was observed on the needle indicating poorer coverage by the anti-
transpirant. Vapor Gard looked similar to Wilt-Pruf only thicker (Fig, 
10), 
Needle observations recorded during December, January, and February 
revealed little change in the overall appearance of antitranspirant 
films. There were differences in the appearance of stomatal waxes and 
debris which accumulated in the upper stomatal cavities of non-treated 
plants. The stoma shown in Fig, 11 shows a crystalloid accumulation. 
It is not known whether these crystals were produced by the plant or 
came from some other source. Lersten® suggested they may be air pollu­
tants. Other stoma contained waxes which appeared to be globular (Fig, 
12), crustose-1ike (Fig. 13), and fibrillar (Fig, 14), Coverage of indi­
vidual stoma by the various antitranspirant applications ranged from none 
to complete. Variations in coverage are shown for Wilt-Pruf (Figs, IS­
IS), Exhalt 4-10 (Figs. 19-22), and Vapor Gard (Figs, 23-26), 
^Dr, Nels Lersten, Iowa State University, Ames, Iowa, Personal 
communication, 1979. 
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Guard cells are sunken below the surrounding epidermis and may be 
observed after the epicuticular and stomatal waxes have been removed 
(Fig. 27-30). This space, normally filled with wax, is referred to as 
the upper stomatal cavity. 
The microscopic examination made on March 8 indicated that the 
antitranspirant films were present on the needles and covering stomata. 
Upper stomatal cavities in untreated controls were partially filled 
with natural wax occlusions (Figs. 31-34). 
Needles from plants overwintered under Microfoam were collected on 
March 19, 1979, when the plants were uncovered and observed by SEM 
(Figs, 35-39). Antitranspirant coverage did not appear to have deteri­
orated, Some weathering of the films from Microfoam treated plants was 
observed in the April 28 evaluation (Figs, 40-42). 
Needles were also examined from plants not stored under Microfoam 
on April 28, 1979, The upper stomatal chambers were clearly visible on 
needles from control plants (Fig. 43), Needles from plants treated with 
Wilt-Pruf showed some evidence that the film was still present (Fig. 44). 
Needles treated with Exhalt 4-10 showed traces of the antitranspirant 
film with large deposits of natural wax scattered on the epidermis. 
Vapor Gard appeared to be present on some needles and occasionally blocked 
stomatal cavities (Fig. 46). 
There was no difference in appearance of control and Wilt-Pruf 
treated needles observed from samples collected on May 11, 1979 (Figs. 47 
and 48). Needles treated with Exhalt 4-10 appeared to be similar to con­
trol needles except for a few partially blocked stomata (Fig. 49). 
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Ant1 transpirant film v/as clearly evident on the surface of needles treated 
with Vapor Gard with some stomatal cavities completely occluded (Fig, 50). 
Results from a preliminary investigation (winter, 1977-1978) are 
shown in Figs. 51-54. Evidence of the Vapor Gard film was observed 4% 
months after application. 
These observations suggest that the more effective coverage provided 
by the Pinolene antitranspirants was in some way detrimental to the plant 
foliage. The relatively poor coverage provided by the non-Pinolene prod­
uct, Exhalt 4-10 may have rendered it totally ineffective without af­
fecting winter burn significantly. 
The relevant question raised by this study concerns the reason why 
effective coverage of evergreen foliage with antitranspirants is detri­
mental to plant appearance. Other investigators have observed problems 
with antitranspirant use. Smith (1964) reported an increase in winter 
burn in Taxus foliage,when Wilt-Pruf or Foligard was applied to the 
abaxial surface of needles. It was hypothesized that the antitrans­
pirants may have "... absorbed water which froze, resulting in inter­
ference with normal water vapor and gaseous exchange," McDaniel and 
Bresenham (1978) reported foliar burning in cineraria treated with Vapor 
Gard in a greenhouse study. They considered phytotoxicity as the reason, 
A more probable explanation for the increase in injury is the hypoth­
esis that Pinolene compounds create an impervious layer of film (seen 
in this study by SEM) which does not allow for the normal exchange of 
gases. This differs from Smith's hypothesis in cause and not effect. 
However, the results derived from this experiment revealed that plants 
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overwintered under Microfoam did not show substantial winter injury re­
gardless of antitranspirant application. The microenvironmental condi­
tions provided by the protective Microfoam blanket apparently interacted 
in some way to limit injury. The acceptable appearance of Microfoam and 
straw mulched plants after winter storage discount the possibility of 
phytotoxicity. 
One microenvironmental difference between plants covered with Micro­
foam and those not covered is foliage insolation. Rapid fluctuations in 
insolation has already been implicated in winter burn of evergreen fo­
liage (Curry and Church, 1952; White and Weiser, 1964), Perhaps the ex­
tra layer of transparent film (antitranspirant) creates or increases a 
miniature greenhouse effect on the surface of the needle resulting in 
very high temperatures on sunny days. Rapid fluctuations could also 
occur on partly cloudy days with passing clouds providing temporary 
shade from the sun. It is thought that these high temperatures and 
rapid fluctuations would result in direct injury to foliar tissue. 
The other major environmental difference between covered plants and 
exposed plants is humidity. It is thought that the higher humidity 
levels under mulch is a favorable condition reducing foliar injury. This 
does.not explain why Pinolene treated plants sustained more damage than 
control plants. There is another inherent problem with the plant desicca­
tion hypothesis for explaining winter burn. SEf'l indicates that natural 
wax deposits in the stomata and covering the epidermis of control (no 
antitranspirant) plants, appeared to be adequate to curtail transpiration. 
In some instances, the wax was observed to have coalesced into an 
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impermeable plug (Figs. 12, 13, 31, 47). This could be the fusion of 
fibrillar wax termed structural wax by Hanover and Reicosky (1971) or a 
mass of amorphous wax which is observed in close proximity to the upper 
stomatal cavity and covering the epidermis, 
Fig, 6, Austrian pine needle segment with abaxial surface exposed. 
Note rows of stomata and sclerenchymal ridges traversing the 
epidermis. Cracked white material along the lower edge of the 
needle is an electron conducting adhesive used to glue the 
specimen to the SEM mounting stub. x99. 
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Fig. 7. Abaxial surface of Austrian pine needle not treated with anti-
transpirant. Natural waxes (arrows) are visible in upper 
stomatal chamber and on epidermis. Sampling date, November 17, 
1978. X 552. 
Fig. 8. Abaxial surface of Austrian pine needle treated with Wilt-Pruf. 
Film appears as a smooth covering over epidermis and in upper 
stomatal cavity. Sampling date, November 17, 1978. x552. 
Fig. 9. Abaxial surface of Austrian pine needle treated with Exhalt 
4-10. Film coverage is evident over most of the epidermis but 
is not entire. Sampling date, November 17, 1978. x 552. 
Fig. 10. Abaxial surface of Austrian pine needle treated with Vapor Gard. 
Film appears as a thick smooth coat over epidermis. Crack is 
observed in film extending from uncovered stoma. Sampling date, 
November 17, 1978. x 552. 
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Fig, 11. Austrian pine stoma of untreated control plant. Crystalloid 
deposits have accumulated in the upper stomatal cavity. 
Sampling date, February 17, 1979. x2300. 
Fig. 12. Austrian pine stoma of untreated control plant. Structural 
wax and globules of wax partially block the upper stomatal 
cavity. Sampling date March 8, 1979. x2300. 
Fig. 13. Austrian pine stoma of untreated control plant. Stomatal 
wax appears to be crustoid. Fibrillar appearance of struc­
tural wax Is not evident. Sampling date May 11, 1979. x2300. 
Fig. 14. Austrian pine stoma of untreated, control plant. Needle was 
obtained from current season's growth. Note fine texture of 
stomatal wax. Sampling date July 2, 1979. x2300. 
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Fig, 15. Austrian pine stoma of plant treated with Wilt-Pruf. 
Antitranspirant completely covers epidermis surrounding stoma 
and extends into the upper stomatal cavity. Sampling date 
November:17, 1978, x2300. 
Fig, 16, Austrian pine stoma of plant treated with Wilt-Pruf. 
Sampling date, December 22, 1979. x2300. 
Fig. 17. Austrian pine stoma of plant treated with Wilt-Pruf. Samp­
ling date, March 8, 1979. x2300. 
Fig, 18, Austrian pine stoma of plant treated with Wilt-Pruf, Notice 
bulge in film over stoma. Sampling date April 28, 1979, 
X2300, 
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Fig. 19. Austrian pine stoma of plant treated with Exhalt 4-10. Anti-
transplrant appears to have penetrated into upper stomatal 
cavity. Sampling date, December 15, 1978. x2300. 
Fig. 20. Austrian pine stoma of plant treated with Exhalt 4-10. A 
combination of wax and antitranspirant appears to be occluding 
the upper stomatal cavity. Sampling date, January 26, 1979. 
X2300, 
Fig, 21. Austrian pine stoma of plant treated with Exhalt 4-10. Natural 
wax and antitranspirant appear to have congealed and partially 
covered the stoma. Sampling date February 17, 1979. x2300. 
Fig. 22. Austrian pine stoma of plant treated with Exhalt 4-10. A 
thick film ts apparent completely covering the stoma. Natural 
wax deposits are seen in the upper left corner of the micro­
graph, Sampling date, March 20, 1979. x2300. 
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Fig. 23. Austrian pine stoma, of plant treated with Vapor Gard. Film 
appears to be bulging out of stoma as if under pressure. 
Sampling date, November 24, 1979. x2300. 
Fig. 24. Austrian pine stoma of plant treated with Vapor Gard. Note the 
relatively thick layer of antitranspirant film, Sampling date, 
December 8, 1979. x2300. 
Fig. 25. Austrian pine stoma of plant treated with Vapor Gard. Sampling 
date, January 26, 1979. x2300. 
Fig. 26. Austrian pine stoma of plant treated with Vapor Gard. Sampling 
date, February 17, 1979. x2300. 
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Fig, 27. Austrian pine needle surface and stomata. Needle was dipped 
in chloroform to dissolve epicuticular wax. x552. 
Fig. 28. Austrian pine stoma on needle washed in chloroform. Note 
wax residue which was not stripped out of aperture. Closed 
guard cells can be observed under the aperture. x2300. 
Fig. 29. Austrian pine stoma on needle washed in chloroform. Tightly 
shut guard cells can be seen under aperture. Notice cell 
walls of epidermis which are only slightly visible under the 
cuticle. x2300. 
Fig. 30. Austrian pine stoma of chloroform washed needle. Note par­
tially opened guard cells. x2300. 
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Fig. 31. Abaxial surface of Austrian pine needle not treated with anti-
transpirant. Note wax deposition on epidermis and in stomata. 
Sampling date, March 8, 1979. x552. 
Fig. 32. Abaxial surface of Austrian pine needle treated with Wilt-Pruf. 
Antitranspirant appears as a relatively heavy film covering 
epidermis and stomata. Sampling date, March 8, 1979. x552. 
Fig. 33. Abaxial surface of Austrian pine needle treated with Exhalt 
4-10. A very thick coating can be observed in lower half of 
micrograph extending around lower stoma. Sampling date, March 
8, 1979..#552. _ 
Fig. 34. Abaxial surface of Austrian pine needle treated with Vapor Gard. 
Antitranspirant film is apparent on epidermis and covering one 
stoma. Sampling date, March 8, 1979. x552. 
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Fig. 35. Abaxtal surface of Austrian pine needle of untreated control 
overwintered under Microfoam. Sampling date was March 20, 1979, 
1 day after plants were taken out of storage. x553. 
Fig. 36. Abaxial surface of Austrian pine needle treated with Wilt-Pruf 
and overwintered under Microfoam. Note smooth appearance of 
antitranspirant film covering epidermis. Two of the three 
stomata shown in this micrograph are also covered. Sampling 
date was March 20, 1979, 1 day after plants were taken out of 
storage. x552. 
Fig. 37. Abaxial surface of Austrian pine needle treated with Exhalt 4-
10, and overwintered under Microfoam. Antitranspirant film can 
be detected covering epidermis and at least one stoma. Sam­
pling date was March 20, 1979, 1 day after plants were taken out 
of storage, x552. 
Fig. 38. Abaxial surface of Austrian pine needle treated with Vapor Gard 
and overwintered under Microfoam. Sampling date was March 20, 
1979, 1 day after plants were taken out of storage. x552. 
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Fig, 39. Abaxlal surface of Austrian pine needle of untreated control 
overwintered under Microfoam, Natural wax deposits are clearly 
evident on epidermis and in stomata. Sampling date was April 
28, 1979, 40 days after plants were taken out of storage. 
x552. 
Fig. 40. Abaxlal surface of Austrian pine needle treated with V/ilt-Pruf 
and overwintered under Microfoam, Antitranspirant film can be 
seen covering the cuticle and some stomata. The stoma in the 
upper right corner of the micrograph is enlarged to 2300x in 
Fig. 18. Sampling date was April 28, 1979, 40 days after 
plants were taken out of storage, x240. 
Fig. 41. Abaxial surface of Austrian pine needle treated with Exhalt 
4-10 and overwintered under Microfoam. Antitranspirant film is 
slightly visible covering epidermis. One stoma appears to have 
a heavy film completely covering it. Sampling date was April 
28, 1979, 40 days after plants were taken out of storage. 
x552. 
Fig. 42. Abaxial surface of Austrian pine needle treated with Vapor Gard 
and overwintered under Microfoam. Note huge wax deposit on top 
of stoma in upper right of micrograph, Sampling date was April 
28, 1979, 40 days after plants were taken out of storage. 
x345. 
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Fig, 43. Abaxial surface of Austrian pine needle not treated with anti-
transpirant. Sampling date, April 28, 1979. x552. 
Fig, 44. Abaxial surface of Austrian pine needle treated with Wilt-Pruf. 
Antitranspirant film is evident covering stomata. Sampling 
date, April 28, 1979. x989. 
Fig, 45. Abaxial surface of Austrian pine needle treated with Exhalt 
4-10. Partially covered stomata can be seen on the right 
side of micrograph. Sampling date, April 28, 1979. x552. 
Fig, 46. Abaxial surface of Austrian pine needle treated with Vapor 
Gard. Evidence of antitranspirant is visible on epidermis and 
covering some stomata. Sampling date, April 28, 1979. x414. 

F1g. 47. Abaxlal surface of Austrian p1ne needle not treated with anti-
transplrant. Sampling date, May 11, 1979. x480, 
Fig, 48, Abaxial surface of Austrian pine needle treated with Wilt-Pruf. 
Appearance of epidermis and stomata is similar to control. No 
evidence that antitranspirant is present. Sampling date. May 
11, 1979» 
Fig, 49. Abaxial surface of Austrian pine needle from plant treated 
with Exhalt 4-10. Sampling date. May 11, 1979. x200. 
Fig, 50. Abaxial surface of Austrian pine needle from plant treated 
with Vapor Gard. Antitranspirant film clearly visible on 
epidermis and covering stomata. Sampling date. May 11, 1979. 
x480. 

Fig. 51. Austrian pine stoma of needle treated with Exhalt 4-10 on 
December 1, 1977. No evidence of antitranspirant remaining 
on needle sampled April 17# 1978. x2000. 
Fig. 52. Austrian pine stoma of needle treated witè Wilt-Pruf on 
December 1» 1977. No evidence of antitranspirant remaining 
on needle samples of April 17, 1978, x2000, 
Fig. 53. Abaxial surface of Austrian pine needle from plant treated 
with Vapor Gard on December 1, 1977, Thick coat of anti-
transpirant film is apparent on needle sampled April 17, 1978, 
x300. 
Fig. 54. Enlargement of one of stomata from Fig, 53, 
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GENERAL SUMMARY AND CONCLUSIONS 
A comparison of 6 methods for overwintering container-grown ever­
greens during the 1978-1979 winter in Iowa showed that methods which 
mulch the entire plant are most effective in reducing winter burn (Figs, 
55-60). It is postulated that the mulch maintains higher humidity levels, 
reduces insolation, and moderates temperature extremes around the foliage, 
Microfoam v/as found to be more protective than straw (Figs, 59 and 60), 
"Heeling plants in" a milled, corn cob-filled trench (foliage above 
ground) was the next most effective storage overall and better than any 
of the other root zone types evaluated (Fig, 57), It is concluded that 
this technique was particularly good because plant foliage v/as lower to 
the ground resulting in a deeper and more persistent snow cover. Plants 
overwintered by placing containers in water/ice or milled corn cobs above 
ground showed winter burn equal to that observed in the untreated controls. 
Differences recorded In spring growth resumption generally followed 
the trends observed in the incidence of winter burn. Shoot growth is a 
better indicator than bud break for evaluating the effects of mulching 
on winter injury. 
Overall, the highest root zone temperatures were maintained in 
plants "heeled in" the corn cob-filled trench and those overwintered by 
the water/ice technique. Microfoam was also relatively effective in 
moderating temperatures. Higher levels of reducing sugars were found in 
boiled root extracts of plants overwintered by these methods, which indi­
cates less freeze injury to root systems. Soluble sugars and sucrose 
levels were also higher although the results were not consistent. The 
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ninhydrin and labeled glucose uptake tests were not as sensitive as the 
sugar determinations for assessing root injury. 
Antitransplrants were found to be Ineffective In their ability to 
reduce the incidence of winter burn (Figs. 61-64). In fact, the Pinolene 
types, Wilt-Pruf and Vapor Gard, were considered to be detrimental. The 
additional winter burn observed for plants treated with these antitrans­
plrants was slight. Pinolene compounds were observed by SEM to produce 
a relatively heavy film covering epidermis and stomata, which persisted 
throughout the overwintering period. The film produced by the non-Pino-
lene product, Exhalt 4-10 was not as thick or as long lasting. It is 
thought that the more persistent films on exposed foliage acted to in­
crease winter burn by possibly creating a miniature greenhouse effect 
inducing higher and more fluctuating temperatures on the surface of the 
needles. 
Species differences were observed, with white pine and yew being 
the most sensitive to winter burn, and the detrimental effects of 
Pinolene antitransplrants. Scotch pine also reacted negatively to Pino­
lene. Yews were observed to have the largest quantities of ninhydrin-
reactive substances and smallest amounts of sugars in excised root sam­
ples. Junipers were the least susceptible of all species tested in this 
study. 
In summary, the overwintering system offering the greatest protec­
tion from injury was the Microfoam cover, Antitranspirant application 
had no effect on plants stored by this technique and would result in an 
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unnecessary expense. Since the Microfcaiti can be used for several 
seasons and plants can be overwintered in place, this method is con­
sidered to be at least as economical as the others evaluated in this 
study. 
Fig, 55, Plants overwintered as untreated controls. Experimental plants were white pine (31), 
Scotch pine (S2), Anglojap yew (S3), Austrian pine (S4), and 'Blue Rug' juniper (S5). 
Photograph taken June 1, 1979. 
Fig, 56. Plants overwintered by the above ground corn cob mulching treatment (AGM). 
Fig. 57. Plants overwintered by the below ground corn cob mulching treatment (BGM), 
Fig. 58, Plants overwintered by the water mulch system (WTM). 
Fig. 59. Plants overwintered by the straw mulch system (STM). 
Fig. 60. Plants overwintered by the Microfoam system (MCF). 
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Fig. 61, Plants which were not treated with an antitranspirant. Species evaluated were white pine 
(SI), Austrian pine (S2), Anglojap yew (S3), Austrian pine (S4), and 'Blue Rug' juniper 
(S5), Photograph was taken June 1, 1979. 
Fig. 62. Plants treated with Wilt-Pruf. 
Fig. 63. Plants treated with Exhalt 4-10. 
Fig. 64. Plants treated with Vapor Gard. 
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Table Al. Orthogonal coefficients used to partition mulching sums of 
squares for temperatures, winter burn ratings, shoot lengths, 
ninhydrin values and sugar determinations. 
Mulching treatment^ 
Comparison number 
and categories CON AGM BGM WTM MCF STM 
(Ml) Control vs. mulch +5 -1 -1 -1 -1 -1 
(M2) Root zone vs. entire plant 0 -2 -2 -2 +3 +3 
CM3) AGM vs. BGM 0 +1 =1 0 0 0 
(M4) MCF vs. STM 0 0 0 0 +1 -1 
(M5) Corn cobs vs. water 0 -1 -1 +2 0 0 
^Control, above ground mulch, below ground mulch, water mulch, micro-
foam, and straw mulch. 
Table A2. Orthogonal coefficients Used to partition species sums of 
squares for winter burn ratings, ninhydrin values, and sugar 
determinations. 
Species 
Comparison number White Scotch Austrian Yew Juniper 
and categories pine pine pine 
(SI) Pine vs. non-pine +2 +2 +2 -3 -3 
(S2) 5-needle P. vs. 2-needle P.® +2 -1 -1 0 0 
(S3) Scotch vs. Austrian 0 +1 -1 0 0 
(S4) Yew vs. Juniper 0 0 +1 0 -1 
^White pine needles are arranged in fascicles containing 5 needles 
each. Scotch pine and Austrian pine both have 2 needles per fascicle. 
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Table A3, Orthogonal coefficients used to partition species sums of 
squares for bud break per branch. 
Species 
Comparison number Whi te Scotch Austrian 
and categories pine pine pine 
(S2) 5-needle P, vs. 2-needle P.^ +2 -1 -1 
(S3) Scotch vs. Austrian 0 +1 -1 
®White pine needles are arranged in fascicles containing 5 needles 
each, Scotch and Austrian pine both have 2 needles per fascicle. 
Table A4, Orthogonal coefficients used to partition species sums of 
squares for shoot lengths. 
Species 
Comparison number White Scotch Austrian Yew 
and categories pine pine pine 
(SI) Pine vs. non-pine +1 +1 +1 -3 
(S2) 5-needle P, vs, 2 needle P,® +2 
-1 -1 0 
(S3) Scotch vs. Austrian 0 +1 
-1 0 
®Uhite pine needles are arranged in fascicles containing 5 needles 
each, Scotch and Austrian pine both have 2 needles per fascicle. 
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Table A5. Orthogonal coefficients used to partition antitranspirant sums 
of squares for winter burn ratings, bud break per branch, and 
shoot lengths. 
Comparison no. Antitranspirant® 
and categories CON W-P X4-10 V G 
(Al) No. AT vs. AT +3 
-1 -1 -1 
(A2) Mon-pinolene vs. pinolene 0 +1 -2 +1 
(A3) Wilt-Pruf vs. Vapor Gard 0 +1 0 
-1 
^Antitranspirants tested were control, Wilt-pruf, Exhalt 4-10 and 
Vapor Gard. 
Table A6. Analysis of variance for the variable, "Root Zone Temperature." 
Source df Sum of squares Mean square 
Rep 1 0,64 0.64 
Mulch 5 25.86 5.17 * 
Ml 1 0.35 NS 
M2 1 9.25 * 
M3 1 6.18 * 
M4 1 10.05 ** 
M5 1 
Error A 5 2.21 0.44 
Corrected total 11 28.70 2.61 
^Significant at the 5% level. 
ick 
Significant at the 1% level .  
^^Not significant. 
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Table A7, Analysis of variance for the variable, "First Winter Burn 
. Evaluation" conducted on March 17, 1979, 
Source df Sum of squares Mean square 
Rep 3 10.04 3.35 
Mulch (ML) 5 653,69 130.74 ** 
Ml 1 64,68 ** 
M2 1 309.60 ** 
H3 1 170.16 •* 
M4 1 0.00 NS 
M5 1 109.25 ** 
Error A 15 88.76 5.92 
Species (SP) 4 394.03 98.51 ** 
SI 1 106.18 ** 
S2 1 233.84 ** 
S3 1 18.13 * 
S4 1 35.88 ** 
MLxSP 20 368.12 18.14 ** 
N5 1 37.93 ** 
N6 1 88.55 ** 
NIO 1 108.00 ** 
N12 1 23.77 * 
N19 1 44.08 ** 
Others 15 65.79 NS 
Error B 72 326.95 4.54 
Antitranspirant (AT) 3 12.76 4.25 ** 
A1 1 5.14 * 
A2 1 4.36 * 
A3 1 3.27 NS 
ATxSP 12 28.30 2.36 ** 
N22 1 3.79 * 
N25 1 7.25 ** 
N26 1 5.51 * 
N27 1 4.25 * 
N32 1 4.59 * 
others 7 2.91 NS 
MLxAT 15 18.24 1.22 NS 
MLxATxSP 60 96.45 1.61 ** 
Error C 270 248.25 0.92 
Corrected Total 479 2245.59 4.69 
Significant at the 5% level. 
** 
Significant at the 1% level. 
^^Not significant. 
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Table A8, Analysis of variance for the variable, "Second Winter Burn 
Evaluation" conducted on June 1» 1979. 
Source df Sum of squares Mean square 
Rep 3 17.90 5.97 
Mulch (ML) 5 622.29 124.46 ** 
Ml 1 70.73 •kit 
M2 1 301.75 ** 
M3 1 148.23 •kit 
M4 1 37.06 * 
M5 1 69.53 ** 
Error A 15 86.68 5.78 
Species (SP) 4 778.13 198.53 ** 
SI 1 82.69 ** 
S2 1 393.36 it* 
S3 1 2.08 NS 
S4 1 300.00 ** 
MLxSP 20 407.17 20.36 ** 
N2 1 18.69 ** 
N4 1 19.84 ** 
N6 1 119.23 ** 
N8 1 62.02 ** 
N9 1 19.84 ** 
NIG 1 64.17 ** 
N12 1 33.06 ** 
N20 1 17.52 * 
Others 12 52.80 NS 
Error B 72 279.80 3,89 
Antitranspirant (AT). 3 47.12 15.71 ** 
A1 1 19.60 * 
A2 1 26.31 * 
A3 1 2.20 NS 
ATxSP 12 35.55 2.96 NS 
N27 1 12.92 * 
Others 11 22.63 NS 
MLxAT 15 28.16 1.88* 
MLxATxSP 60 101.55 1.69 NS 
Error C 270 491.13 1.82 
Corrected total 479 2895.47 6.04 
*S1gn1f1cant at the 5% level. 
Significant at the \% level. 
^^Not significant. 
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Table A9. Analysis of variance for the variable, "Third winter Burn 
Evaluation" conducted on June. 30, 1979, 
Source df Sum of squares Mean square 
Rep 3 15,29 5,10 
Mulch (ML) 5 362,00 72,40 ** 
Ml 1 52,22 •kit 
M2 1 174,42 •k-k 
M3 1 61,26 •k* 
M4 1 31,51 * 
M5 1 42,60 ** 
Error A 15 67,73 4,52 
Species (SP) 4 405.60 101,40 ** 
SI 1 5,78 NS 
S2 1 189,06 ** 
S3 1 0,33 MS 
S4 1 210,42 ** 
MLxSP 20 348,60 17,43 ** 
N4 1 61,51 *k 
N6 1 93,53 ** 
N8 1 24,70 ** 
N9 1 19,84 * 
NIO 1 45,05 ** 
N12 1 20,25 * 
N16 1 18,06 * 
N20 1 35,02 ** 
Others 12 30.64 NS 
Error B 72 236,10 3,28 
Antitranspirants (AT) 3 56,48 18,83 •kk 
A1 1 25,07 ** 
A2 1 29,20 ** 
A3 1 2,20 NS 
ATxSP 12 28,25 2,35 NS 
MLxAT 15 20,95 1,39 NS 
MLxATxSP 60 96,95 1,62 NS 
Error C 270 621,38 2,30 
Corrected total 479 2259,32 4,72 
*Significant at the 5% level. 
i f i f  
Significant at the 1% level .  
^^Not significant. 
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Table AlO. Analysis of variance for the variable, "Bud break per Branch", 
Data collected on June 1# 1979. 
Source df . Sum of .squares Mean square 
Rep 3 8.37 1.12 
Mulch (ML) 5 8.44 1.68 NS 
Ml 1 0.09 NS 
M2 1 1.99 NS 
M3 1 0.21 NS 
M4 1 3.26 NS 
M5 1 2.86 NS 
Error A 15 11.12 0.74 
Species (SP) 2 167.45 83.72 ** 
"S2 1 65.07 ** 
S3 1 102.38 ** 
MLxSP 10 12.25 1.22 NS 
Nil 1 4.25 * 
Others 9 8.00 NS 
Error B 36 25.81 0.72 
Antitranspirants (AT) 3 4.69 1.56 NS 
A1 1 0.46 NS 
A2 1 1.92 NS 
A3 1 2.30 NS 
ATxSP 6 2.74 0.46 NS 
MLxAT 15 8.04 0.54 NS 
MLxATxSP 30 17.69 0.59 NS 
Error C 162 124.23 0.77 
Corrected Total 287 385.79 1.34 
^Significant at the 5% level, 
i f i f  
Significant at the 1% level. 
^^Not significant. 
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Table All. Analysis of variance for the variable, "Length of Longest 
. New Shoot". Data collected on June 13, 1979. 
Source df Sum of squares Mean square 
Rep 3 184.36 61.45 
Mulch (ML) 5 325.87 165.17 ** 
Ml 1 305.28 ** 
M2 1 65.56 ** 
M3 1 254.53 ** 
M4 1 158.42 ** 
M5 1 42.07 ** 
Error A 15 66.54 4.44 
Species (SP) 3 11,193.30 3731.10 ** 
SI 1 5095.45 ** 
S2 1 3317.76 ** 
S3 1 2780.09 ** 
MLxSP 15 420.58 29.04 NS 
N6 1 151.30 * 
Others 14 269.28 NS 
Error B 54 1405.18 26.02 
Antitranspirant (AT) 3 294.84 98.28 ** 
A1 1 33.89 NS 
A2 1 258.14 ** 
A3 1 2.80 NS 
ATxSP 9 242.09 26.90 * 
N21 1 61.44 * 
N27 1 94.53 ** 
Others 7 86.12 MS 
MLxAT 15 406.36 27.09 ** 
MLxATxSP 45 676.26 15.03 NS 
Error C 216 2446.61 11.33 
Corrected total 383 18,161.99 47.42 
*S1gn1f1cant at the 5% level. 
'k'h 
Significant at the 1% level .  
^^Not significant. 
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Table A12. Analysis of variance for the variable, "Ninhydrin Reactive 
Substances." ' . 
Source df Sum of squares Mean square 
Rep 3 0.315 0.105 
Mulch (ML) 5 0,810 0.162 ** 
Ml 1 0.342 ** 
M2 1 0.039 MS 
M3 1 0.369 ** 
M4 1 0.014 NS 
M5 1 0.046 NS 
Error A 15 0.363 0.024 
Species (SP) 4 2.105 0.526 ** 
SI 1 1.029 ** 
S2 1 0.262 ** 
S3 1 0.006 NS 
S4 1 0.807 ** 
MLxSP 20 3.864 0.193 ** 
N1 1 0.194 * 
N4 1 0.162 ** 
N9 1 0.638 ** 
N12 1 0.914 ** 
N16 ' 0.262 ** 
N27 1 0.161 * 
N20 1 0.119 ** 
Others 13 
Error B 72 2.502 0.035 
Corrected Total 119 9.958 0.084 
^Significant at the 5% level. 
**Significant at the 1% level. 
^^Not significant. 
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Table A13. Analysis of variance for the variable, "Soluble Sugar", 
Source df Sum of squares Mean square 
Rep 3 250,94 83,65 
Mulch (ML) 5 624,67 124,93 ** 
Ml 1 310,46 ** 
M2 1 1,95 NS 
M3 1 56,17 NS 
M4 1 110,89 * 
M5 1 195,20 •k 
Error A 15 
Species (SP) 4 1356.77 339,19 ** 
SI 1 602.62 ** 
S2 1 22.64 NS 
S3 1 302.51 ** 
S4 1 429.01 ** 
MLxSP 20 345.07 17.25 NS 
N16 1 119,90 ** 
Others 19 225,17 NS 
Error B 72 1168,88 16,23 
Corrected total 119 4021,82 33,80 
^Significant at the 5% level. 
itic 
Significant at the 1% level, 
^^Not significant. 
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Table A14. Analysis of variance.for.the,variable, "Reducing Sugars". 
Source df Sum of squares Mean square 
Rep 3 72.59 24.20 
Mulch (ML) 5 175.30 35.06 ** 
Ml 1 66.80 ** 
M2 1 2.93 NS 
M3 1 19.32 * 
M4 1 53.59 ** 
MS' 1 32.66 ** 
Error A 15 70,79 4.72 
Species (SP) 4 177.07 44.27 ** 
SI 1 64.56 ** 
S2 1 0.47 NS 
S3 1 50.84 ** 
S4 1 61,20 ** 
MLxSP 20 83.29 4.16 NS 
N16 1 21.39 * 
• Others 19 61.90 NS 
Error B 72 356.94 4.96 
Corrected total 119 935.97 7.87 
*S1gn1f1cant at the 5% level. 
Significant at the 1% level, 
^^Not significant. 
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Table A15. Analysis of variance for the.variable,."Sucrose," 
Source df . Sum of squares Mean square 
Rep 3 98.40 32.80 
Mulch (ML) 5 149.38 29.88 •• 
Ml 1 89,24 ** 
M2 1 0.10 MS 
M3 1 9.60 NS 
M4 1 10.30 NS 
MS 1 40.38 •k 
Error A 15 88.44 5.90 
Species (SP) 4 560.75 140.19 ** 
SI 1 272.69 ** 
S2 1 16.61 NS 
S3 1 105.32 ** 
S4 1 166.14 •* 
MLxSP 20 140.83 7.04 NS 
N16 1 40.01 ** 
Others 19 100.82 NS 
Error B 72 383.63 5,33 
Corrected total 119 1421.43 11.94 
Significant at the 5% level, 
•kit 
Significant at the 1% level. 
^^Not significant. 
Table A16, Analysis of variance for the variable I "Counts per Minute." 
Source df Sum of 
X 
^s^yares Mean square 
Rep 3 7,39 2,46 
Mulch 5 4,19 0,84 + 
Ml 1 1.24 +• 
M2 1 1.43 + 
M3 1 0,47 
M4 1 0,13 
M5 1 0,92 
Error A 5,03 0,34 
Corrected total 16,61 0,72 
•^Significant at  the 10% level.  
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SAS Programs Used to Compute Analysis of Variance Tables 
FIRST PROGRAM: 
//SI EXEC SASBOTH 
//SYSIN DD* 
DATA RAW; 
INPUT REP 1 ENV 2 SP 3 AT 4 VAA 6 VAB 8 VAC 10 BR 12-13 BB 15-16 BPB 18-15 
NG 21-23 NIN 25-28 TRS 30-32 GLU 34-35 SUC 38-40 CPM 42-47; 
NOTE: DATA SET WORK.RAW HAS 480 OBSERVATIONS AND 16 VARIABLES. 98 OBS/TRK, 
NOTE: THE DATA STATEMENT USED 0.86 SECONDS AND 96K. 
PROC SAS72; PARMCARDS4; 
PROC ANOVA; 
TITLE 'OVERWINTERING STUDY, 1978-1979'; 
CLASSES REP ENV SP AT; 
MODEL VAA VAB VAC BPB NG=REP ENV; 
POOL 'ERROR A' REP*ENV/ENV; 
MODEL = SP SP*ENV; 
POOL 'ERROR B' REP*SP REP*SP*ENV/SP; 
MODEL « AT AT*ENV AT*SP AT*ENV*SP; 
POOL 'ERROR C REP*AT REP*AT*ENV REP*AT*SP REP*AT*ENV*SP/AT; 
TEST ENV BY 'ERROR A'; 
TEST SP SP*ENV BY 'ERROR B'; 
TEST AT AT*ENV AT*SP AT*ENV*SP BY 'ERROR C; 
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SECOND PROGRAM: 
//SI EXEC SAS 
//SYSIN DD* 
DATA RAW; 
INPUT REP 1 ENV 2 SP 3 AT 4 VAA 6 VAB 8 VAC 10 BR 12-13 BB 15-16 BPB 18-19 
NG 21-23 NIN 25-28 TRS 30-32 GLU 34-36 SUC 38-40 CPM 42-47; 
CARDS; 
NOTE: DATA SET WORK.RAW HAS 480 OBSERVATIONS AND 16 VARIABLES. 98 OBS/TRK. 
NOTE: THE DATA STATEMENT USED 0.85 SECONDS AND 96K. 
DATA COMP; SET RAW; 
E1=5*(ENV=1)-(ENV=2 OR ENV=3 OR ENV=4 OR ENV=5 OR ENV=6); 
E2=2*(ENV=2 OR ENV=3 OR ENV=4)-3*(ENV=5 OR ENV=6); 
E3=(ENV=2)-(ENV=3); 
E4=(ENV«5)-(ENV=6); 
E5=(ENV=2 OR ENV=3)-2*(ENV=4);A1=3*(AT=1)-(AT=2 OR AT=3 OR AT=4); 
A2=2*(AT=3)-(AT=2 OR AT=4); 
A3=(AT=2)-(AT=4); 
S1=2*(SP=1 OR SP=2 OR SP=4)-3*(SP=3 OR SP=5); 
S2=2*(SP=1)-(SP=2 OR SP=4); 
S3=(SP=2)-(sp=4); 
S4=(SP=3)-(SP=5); 
N1=E1*S1; 
N2=E1*S2; 
N3=E1*S3; 
N4=E1*S4; 
N5=E2*S1; 
N6=E2*S2; 
N7=E2*S3; 
N8=E2*S4; 
N9=E3*S1; 
N10=E3*S2; 
N11=E3*S3; 
N12=E3*S4; 
N13=E4*S1; 
N14=E4*S2; 
N15=E4*S3; 
N16-E4*S4; 
N17=E5*S1; 
N18=Ef*S2; 
N19=E5*S3; 
N20=E5*S4; 
N21=A1*S1; 
N22=A1*S2; 
N23=A1*S3; 
N24=A1*S4; 
N25=A2*S1; 
N26=A2*S2; 
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N27=A2*S3; 
N28=A2*S4; 
N29=A3*S1; 
N30=A3*S2; 
N31=A3*S3; 
N32=A3*S4; 
PROC GLM; VAB VAC 
MODEL VAA = E1-E5 A1-A3 51-54 M1-N32; 
REP = replication; ENV = mulch; SP = species; AT = antitranspirant; VAA, 
VAB and VAC = 1st, 2nd and 3rd winter burn evaluations; BR = branches; 
BB = bud break; BPB » bud break per branch; MC = length of longest new 
shoot; MIN = ninhydrin reactive substances; TR5 = soluble sugars; GLU = 
reducing sugars; SUC = sucrose; and CPM = counts per minute, 
Other programs; 
The second program was modified as necessary to accommodate variables 
analyzed with degrees of freedom differing from VAA, VAB and VAC, 
Graph was produced by AUTOPLOT II procedures. 
